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ASSESSMENT OF LIVESTOCK FEED RESOURCES UTILIZATION IN ALABA, 
SOUTHERN ETHIOPIA 
 
ABSTRACT 
 
This study was undertaken in the crop and livestock production system interactions of 
smallholders upon fixed and fragmented land holdings in livestock and human populated area 
of Alaba, Southern Ethiopia with the objective of quantifying the major feed resources and 
evaluating the efficiency of utilizations of these feeds. 
 
General linear model (GLM) was fitted for dry matter yield of private grazing lands of the 
household in tonnes over covariates household grazing land size and number of households’ 
livestock in TLU for each type of livestock’s. Models were fitted for crop residues dry matter 
yield and aftermaths of the households including utilization efficiency and all were 
significant. 
 
Average family size of the households was 8.52 with literacy of the households’ leaders’ value 
of 52.5 % for the Woreda overall. Mean holdings of total lands did not vary between the two 
farming systems significantly (P > 0.05) but land use systems varied  between the two study 
sites significantly (P <0.05) except for forest and wood land which was non-significant (P> 
0.05) with Pepper / Wheat /Livestock farming system having higher values than Teff / Haricot 
bean /Livestock system. Similarly, livestock holding in tropical livestock unit ( TLU) and total 
dry matter (DM) productions of feed resources were significantly different between the two 
study sites (P < 0.05) except for poultry which was non-significant (P >0.05) and the major 
sources of feeds for livestock near to 78 % are obtained from crop residues followed by 
grazing lands. In this regard rate of cultivation of lands is far great for Teff / Haricot Bean 
/Livestock system and significant differences of crop residues yield was observed between the 
two study sites (P<0.05) .  
 
Results are based on 114 sample households’ surveyed in the two great strata of the Woreda 
called farming systems at two seasons which varied mainly on the types of commodities they 
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produce and species of animals’ dominance. The results of the models showed that  the 
following variables with the corresponding P-value in the bracket were found to have a 
significant effect over the dependent variable dry matter yield of grazing land, household 
grazing land size in hectar (< 0.0001), numbers of household livestock in TLU for horse 
(0.03), mature female donkey (0.04), and for dairy cows (0.07). Livestock feed balance in 
terms of dry matter yield showed that a total of 1,224.6 tonnes of dry matter are produced for 
a total TLU values of 1,128.2 making their ratio to 1.09 but in actuality 3,178 tonnes of dry 
matter is required for the surveyed existing stocks regardless of the nutritional content of the 
dry matter. Quantification estimate clearly showed that the time of abundant feeds availability 
in the Woreda is only five months. Seasonal variation of feed is high and efficient utilizations 
of what is produced is still quite less than 65% because of non-storage of crop residues 
during crop harvest, wastage by trampling and lack of improvement of the quality of the feed. 
Plots of, private grazing lands in front of homestead are usually the main sources of feeds for 
livestock, during cultivation and hence is over grazed. Nearly, 64 % of the surveyed 
households have problems of shortages of water and travel from half- a day during dry 
period. High production of crop residues dry matter that make the two systems complement to 
one another, locally available sodic soil of the area called bole in addition to better livestock 
market out let is an existing opportunity. Forage development is a key to skip feed shortages if 
practiced but it is at an infant stage in terms of usage in the study areas and the main reasons 
of which are highly attributed to shortage of land, seed and knowledge gap. Interventions to 
utilize locally available potential feeds, better access to forage and fodder development, water 
development and quality improvement of straws are optioned as a way out to profit from the 
livestock sector in the study areas. Nevertheless, these are not only enough unless backed up 
institutionally as a strategy for consistent and persistent monitoring.  
 
 
 
 
1. INTRODUCTION 
 
Ethiopia is an agricultural country where large majority of people are engaged in cultivation 
of food crops and rearing of livestock. In the smallholder systems food crops are produced for 
subsistence and livestock are raised to provide mainly draught power for crop cultivation and 
other secondary outputs like milk, meat, hide/skin, dung, manure, etc. Livestock production is 
an integral part of the farming systems in all parts of Ethiopia. This sector of agriculture plays 
a vital role in the livelihood of the majority of people in the country. In spite of this, the 
productivity of livestock is low mainly due to several factors such as genetic make up, poor 
nutrition and poor veterinary care. But poor nutrition is the major limiting factor (Alemu, 
1998). 
 
Livestock feed resources are classified as natural pasture, crop residue, improved pasture and 
forage, agro industrial by products, other by-products like food and vegetable refusal, of 
which the first two contribute the largest feed type (Alemayehu, 2003).  
 
Animals depend mainly on natural pastures for their feed requirements. Natural pastures 
which provide more than 90% of the livestock feed are generally very poorly managed. In the 
mixed farming mid-altitude areas, better soils are used for cropping and the main permanent 
natural pasturelands are found on the upper slopes of hills and seasonally water logged areas. 
Due to poor management and overstocking, natural pastures are highly overgrazed resulting in 
severe land degradation, loss of valuable species and dominance by unpalatable species 
(Alemu, 1998).  
 
In this respect, Alaba Woreda is not an exception and the same trend was observed by 
prioritizing better lands for cultivation to compete for grazing lands. The Woreda1 is also 
categorized by the Southern Agricultural research Institution (SARI) under thematic Area I, 
which is to mean an area where there is found high human and livestock density in relation to 
other areas of the region. The total livestock density of the Woreda in total is 255, 467 which 
                                                 
1 Woreda is an administrative category having many peasant associations under it. 
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is quite considerable to poverty eradication and food security and this is achieved only if feed, 
which is the greatest component of productivity, is resolved not to be a problem.  
 
To this effect, comprehensive survey of the types, quantity, quality, availability, alternative 
uses and relative costs of the different feed resources is important to identify the feed 
resources and to facilitate the decision making process in livestock feed resource development 
under small holder Ethiopian conditions. The results provide firm understanding of the 
prevailing situation and enable specific interventions to be introduced. The generation of 
appropriate feed technologies, however, demands careful and integrated research activity 
planning. Understanding of the natural, socio-economic and farming system of the area is the 
first and crucial step to develop environmentally sound and socially acceptable livestock 
technologies (Mlay, 1986; Amir and Knipscheer, 1987). Diagnostic surveys play a key role in 
identifying constraints that can be addressed by research and in providing baseline 
information about the target farmers. 
 
Most of the research works on the assessment of feed resources in different parts of the 
country so far conducted only indicated the shortage of feeds without quantifying the amount 
of dry matter (DM) obtained in each feed resource type and whether this is adequate to the 
total number of livestock available to that particular area. This creates a great problem to 
recommend a possible solution to livestock producers particularly in the extreme drought 
seasons in Ethiopia. Therefore, it is very much imperative to assess the already existing feed 
resources in terms of quantity and quality in relation to the requirements of livestock annual 
basis so that it would be very easy to suggest either improving the existing feed resources, 
introduce another feed alternatives or suggest development and policy interventions for each 
agro-ecology.   
 
In relation to this, in Ethiopia productivity study of grazing indicated that in the low land 
areas native pasture yield 1t DM/ha and in seasonally water logged fertile areas 4-6t DM/ha 
(Alemayehu, 1985). Abate et al. (1993) indicated that DM yield of grazed grassland probably 
not exceeds 1.5t/ha 2600m. a.s.l and doesn’t exceed 2.5 below this altitude. 
  
 
 
  
  
3
The total ruminant livestock density of 230,322 (CSA, 2007) in the Woreda require greater 
than 37,110t DM per annum at the rate of 2.6% per 100 kg of their body weight per day of 
their body size at an average weight of 250 kg TLU (Gryseels and Anderson, 1993) and using 
specific tropical licestock units conversion for each species and structures of animals without 
including poultry and the voracious feeder non-ruminants equines. Whereas the potential 
production of the grazing land is only 1,365t DM per year which is by 96 % less in total 
ruminant requirement if at all it is produced both seasons, this clearly shows the magnitude of 
the threat, and the need to intervene for other possible feed resources.    
                                                                  
However; crop production statistical data of the Woreda nearly indicate 93,048.2 tonnes of 
crop residues are produced even though they are poor in nutritive value. The availability of 
crop residues is closely related to the farming systems, the crop produced and the intensity of 
cultivation. This is obtained using harvest index ratio which is grain to biomass yield 
production of 1 tonne/hectare and grain to straw yield ratio being1:2 (Kossila, 1988). In the 
due course of this research it is therefore hypothesised that dry matter production of feeds can 
suffice in quantity and improvement in nutritional quality of the crop residue can mitigate this 
problem if farmers could use feed improvement techniques. It is also believed of the total crop 
residues produced two-third is collected as straw while one-third is left as an aftermath 
(Zinash and Seyoum, 1991).  
 
IPMS, one of the International Livestock Research Institute (ILRI)‘s projec in Alaba Woreda  
prioritises problem areas in the areas of livestock feed as lack of improved feed and poor 
knowledge of increased utilization of locally available feed resources. However; these 
problems could be tackled by increasing efficiency of feed resources utilizations. To achieve 
this, the rate by which different livestock feeds are produced has to be at least quantified by 
using sampling techniques. 
 
Therefore, the main objectives of this M.Sc thesis research were: - 
• To quantify the livestock feeds of the Woreda from all major feed resources. 
 
• To evaluate the efficiency of utilization of livestock feeds and forage development. 
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2. REVIEW OF LITERATURES 
 
2.1. Land Holding Size 
 
In most developing countries, agriculture is the major source of subsistence, employment and 
income. Most farms are fragmented and interdependent smallholder mixed crop–livestock 
systems. Increasing population and diminishing land resources etc. are creating a growing 
number of landless people who also have to produce their own subsistence (Kebreab et al, 
2005). Average land holding varies considerably in high lands reflecting differences in 
population density. Land holding in high land ranges from 0.5 to 4 ha (Gryseels and Anderson 
1983). Secondary data assessed in this area for Alaba shows that the average land holding is 
1.21 ha per household (CSA, 2005). 
 
2.2. Crop Production  
  
Crop production is an integral system in mixed farming of the Ethiopian highland with 
livestock production. Due to population pressure, the overall proportion of land cropped is 
increasing and until the latest 2004, the total cultivated land in the Woreda has reached 31,740 
ha which makes the land cultivated nearly 84% of the total land area of the Woreda (CSA, 
2005).  
 
In Alaba, the dominant crops grown with regard to area coverage are maize, teff2, wheat, 
pepper, haricot bean, sorghum and millet. Other than these crops, many other crops are also 
grown, but economically less important. In most cases, maize is grown in more than 50% of 
the cultivable land in the Woreda, while all other crops account for the remaining 50% of the 
area. Despite the size of land allocated for this crop, yield/ha is substantially low. In most 
cases, because of the irregularity of rainfall, production fails and this is strongly associated to 
the amount and distribution of rainfall. However, distribution is more important than even the 
amount of rainfall received. Until recently, use of irrigation water was not common. However, 
                                                 
2 Teff is main Ethiopians food crops of eragrostis species or family used to make thin bread called ‘injera’. 
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efforts by both NGOs and the government are showing some results. There are two irrigation 
schemes already operational since late last year (IPMS, 2005).  
 
2.3. Livestock Holding Size and Herd Structure 
 
Livestock ownership varies depending on the wealth status and the overall farm production 
objectives. In mixed farming system of the highlands and mid-altitudes of Ethiopia where 
crop production is important; cattle are the most important livestock species for cultivation, 
threshing and manure (Getachew et al., 1993). Gryseels and Goe (1984) also reported that 
most farmers in the central highlands of Ethiopia own two oxen, a cow, few sheep and a 
donkey. Cattle are mainly kept for draught power and manure. Available secondary data of 
the Woreda on livestock holding, especially cattle and oxen holding per household is 6.7 and 
1.90, respectively. Small ruminants and poultry are important livestock commodities 
contributing to the livelihoods of farm households. According to Alaba Woreda Office of 
Agricultural and Natural Resources Development Department plan, in addition to crop 
husbandry, animal resources developments are a key issue for ensuring food security and 
improve livelihoods. To this effect, special focus is given to sheep and goat, poultry, 
apiculture and production of forage for livestock (IPMS, 2005). By and large, according to 
these information sources unlike other places there is no way by which a farmer faces 
difficulty of ploughing his plot of land because of shortage of draught animal since the 
minimum holding can enable him farming effective.  
 
2.4. Livestock Feed Resources 
 
Feed resources are classified as natural pasture, crop residue, improved pasture and forage, 
agro industrial by products and other by-products like food and vegetable refusal, of which 
the first two contribute the largest feed types (Alemayehu, 2003). 
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2.4.1. Dry matter production of grazing lands 
 
In general, grazing land productivity is declining at a higher rate because of temperature stress 
and scarcity of rainfall, which is favoured by deforestation that denies humid environment to 
the area. In addition to this, the transfers of grazing lands to cultivation for cropping and poor 
grazing land management are some of the reasons for dry matter reductions from grazing 
lands. Henceforth, alternative livestock feed resources should be potentially utilized 
effectively after their nutritive quality is improved by different techniques along with 
optimizing the potential of grazing lands. This, therefore; makes give consideration to the dry 
matter production and the nutritive value of the feed simultaneously.  
 
The factors, which affect grazing land production, are interlinked to varying degree depending 
upon situation. Grazing land production can be judged or assessed on the basis of the 
production of dry matter, milk or butter, live weight or carrying capacity. The net primary 
productivity (NPP) is defined as the net change in weight of grazing land between any two 
points in time, usually over a year. The NPP depends upon type of grazing land, climate, soil 
and management. It has been estimated to be in the range of 10.65 to 19.68 t/ha/yr in 00-200 
latitude and 7.43 to 9.0 t/ha/yr in 200-500 latitude (Pearson and Ison, 1987). Above ground, 
net production of 0.42 t/ha/yr to 13.77t/ha/yr has been reported (Christie, 1984). Maximum 
dry matter yield of tropical grasses may be as high as 85t/ha/yr with high fertilizer inputs 
irrigation and a year long growing season in the humid tropics; the potential is less than half 
that value in the monsoonal tropics or sub-tropics (Cooper, 1970). Dry matter production of 6-
7 t/ha/yr. is easily obtained from improved and well-managed grazing land. Under ideal 
condition, dry matter production of 25t/ha/yr has been obtained (Humphery, 1969). 
Productivity study indicated that in the lowland areas of Ethiopia; native pasture yield 1tonne 
DM/ha and in seasonally water logged fertile areas 4-6 t DM/ha (Alemayehu, 1985). Most 
pasture grasses generally have DM content of 17-30 % (Enseminger et al., 1990; Gashaw, 
1992) even thogh there is variation between seasons.  
 
Forage crops must have particular features in order to warrant their inclusion in production 
system. These relate generally to production yield, seasonality of yield, usability or quality, as 
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discussed by Wheeler (1986). Browse is characteristically important as a source of feed 
during dry and winter periods, when either the quantity or quality of available grass is 
deficient. Dzowela (1993) noted that there are over 200 species native to continental Africa 
that have acceptable nutritional characteristics.Trees may have CP contents up to 250 g Kg 
DM-1 and, in addition to their direct contribution to nutrient supply, may increase total DM 
intake and increase the digestibility of the basal low CP diet, as discussed by Atta krah (1993) 
with beneficial effects on animal survival and productivity.  
 
2.4.2. Dry matter yield and nutritional quality of crop residues 
 
Poor nutrition is one of the major constraints to livestock productivity in sub-Saharan Africa. 
This is because animals thrive predominantly on high-fibre feeds (straw, stover’s and native 
pasture hay) which are deficient in nutrients (nitrogen, sulphur, minerals, phosphorous etc) 
essential for microbial fermentation. Consequently, the digestibility and intake of digestible 
nutrients are low. These deficiencies can partly be mitigated by supplementing roughage diets 
with feeds containing the deficient nutrients (Osuji et al, 1993).  
 
About 12 million tonnes of crop residues are produced annually from 6 million hectare of 
farmland in Ethiopia (Daniel, 1988). Alemu et al (1991) further estimated that about 10.71 
million tonnes of dry matter (DM) of crop residues are estimated to provide about 40 to 50% 
of annual livestock feed requirement (Daniel, 1988).  
 
The quantity of fibrous crop residues in each country and region was observed in light of 
grass eaters (cattle, buffaloes, camels, sheep, goats, horses, mules, asses) since these animals 
have greater potential for the use of crop residues than grain eaters (pigs and poultry). Simple 
secondary data analysis of crop production of the Woreda showed that nearly 83,742 t DM 
from crop residue and 8,633.9 t DM from grazing lands are produced for the total livestock 
units of 133,314.2 which makes the ratio of dry matter to livestock in the Woreda 0.69 even 
though indigenous browses contribution is not considered (IPMS, 2004). This means less than 
one-third of the total livestock requirement is available. The theoretical availability of fibrous 
crop residues for Africa and Ethiopia respectively is 2 and 0.55 t DM/LU (Kossila, 1983a).  
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Therefore, the knowledge of the relationship existing between fibrous residue production and 
livestock unit is the key to suggest possible intervention strategy that can take the farmer out 
of the problem.   
 
Previous studies of Gryseels and Anderson, (1983); Alemayehu, (1987); Zinash and Seyoum, 
(1991), and Getnet, (1999) have reported that a typical smallholder farm with 2.5 ha of land in 
the Ethiopian high lands of Ada Woreda produces a total of approximately 6 tonnes of dry 
matter from crop residues. For the average farm stock holding of 3.67 LU in this area; if the 
daily feed requirement is 2.5 kg DM per 100 kg of live weight, annual feed requirement is 8.4 
t DM. Thus, less than 75% of the feed requirement for optimal growth is available overall, 
although there are strong seasonal variations. Additionally, utilization efficiency is another 
problem and  Zinash and Seyoum (1991) reported that 63% of cereal straws is utilized as feed 
for livestock, 20% is used for fuel, 10 and 7 % are used, respectively for house construction 
and bedding indicating that the major use of crop residues by smallholders in Ethiopia is as 
feed for livestock. Therefore, by-products from these crop residues have to be efficiently 
utilized as feed for livestock after careful gathering, storage and necessary preservation. Crop 
residues represent a large part of feed resources, most of which are underutilized (Alemu et al, 
1991). Cereal crop residues are the most important feed resources for ruminants in developing 
countries (Reed, 1985; McDowell, 1988; Van Soest, 1988). Farmers on the Ethiopian 
highlands have a tradition of conserving crop residues from teff (Eragrostis teff), barley, 
wheat and sorghum (Reed and Goe, 1989). 
 
Straws from teff, barley and wheat form the largest component of livestock diet in the medium 
and highland areas, while maize, sorghum and millet stover’s constitute larger proportion of 
livestock feed in lower to medium altitudes (Alemayehu, 1985). Much has been said about the 
importance of crop residues as livestock feed by many authors. However, adequate 
information on the availability of crop residues in relation to their potential for feeding 
livestock in Ethiopia are limited (Alemu et al., 1991). Similarly, Zinash and Seyoum (1991) 
have reported that in the survey conducted in the central high land zone (Shoa administrative 
region) the available feed resources (grazing and agricultural by- products) could only meet 
the maintenance requirements of the existing animals and production requirements of half of 
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the total herds of cows for a production level of 5 litres per day. Getachew et al (1993) have 
indicated that on average, the available feed per farm in the vertisol areas meets only the body 
maintenance requirements of animals and very little is left over for growth and production; 
the estimated feed per farm per year at Inewari, Ginchi and Dogollo is 83, 70 and 63% of the 
annual requirements,respectively. Similar results are obtained in survey conducted in selale 
dairy development project area (Debre libanos and Jarso Abote awrajas) (Gashaw, 1992) and 
Wolayita awrajas around Sodo (Adugna and Seid, 1994). 
 
With the exception of fresh stovers of maize and sorghum, the majority of crop residues have 
a DM content of 90 to 93%. Generally, the crude protein of crop residues ranges from 2.4-7% 
and the value of Invitro dry matter digestibility (IVDMD) for straw are between 34 and 52% 
(Seyoum and Zinash, 1991; Kernan et al., 1979). Nevertheless, the nutritional values of crop 
residues vary according to the type of crop used. The better productive utilization of crop 
residues can be achieved either through appropriate supplementation (legumes, molasses, fruit 
pulps, poultry manure, urea, etc.) or chemical pre treatment (urea/ammonia treatments) both, 
which facilitate the microbial break down of the cell wall. Moreover, conservation and 
efficient or economic use of crop residues improves and enhances their utilization (Morrison, 
1961; Heimersen et al., 1984 Alemu et al., 1991; Chenost and Sansoucy, 1991; Getnet, 1999).    
 
2.4.3. Improved forage and pasture crops 
 
Forages play varying role in different livestock production systems. In general, however, they 
are important as adjuncts to crop residues and natural pastures and may be used to fill the feed 
gaps during periods of inadequate crop residues and natural pasture supply. Even in the 
presence of abundant crop residues, which are often free fed to ruminants, forage crops 
especially legumes are needed to improve the utilization of crop residues, crop residues often 
provide energy while forage legumes provide proteins. Forages also provide benefits such as 
soil fertility through their nitrogen-fixing ability and are also useful in breaking insect, weed 
or disease cycles, which are likely to occur when they are not supplemented. In many 
situations, however, forages compete with other crops. In land scarce smallholder forages may 
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compete with other crops for land, in land abundant pastoral systems, they may compete for 
the herders labour (John McIntire and Siegfried Debrah, 1987).    
 
Over the last two decades, quite a large number of annual and perennial forage and fodder 
species have been tested in the mid altitude under rainfed conditions in Ethiopia. As a result, 
many improved herbage species have been identified for the ecology. Chloris gayana, 
Panicum coloratum, Panicum maximum, Melinis minutiflora, Pennisetum purpureum, Zea 
mays, Sorghum vulgare, Sorghum alumum, Desmodium uncinatum, Staylosanthes guanensis, 
Leucanea leucocephala, Dolichos lablab, (Lablab purpureus), Macroptilum atroparpurem 
and Vicia atropurpurea are the most promising pasture and fodder species among the tested 
species so far and are recommended for mid altitude areas ranging in altitude from 1,000-
1,800 m.a.s.l (Lulseged and Alemu, 1985). Improved forages mainly legumes, can improve 
the productivity of these pastures by improving the fertility status of the soil. They can also 
improve the feed value of the native pastures since they have more protein content than 
naturally occurring grass swards. To improve the productivity, vegetation composition and 
feed value of degraded natural pastures, oversowing of improved legumes and grasses have 
been tried in the mid-altitude areas. Results indicated that Staylosanthes guanensis showed 
superior establishment on burnt natural pastures while Desmodium uncinatum is potential 
species for this purpose. Rhodes grass failed to establish with minimum soil disturbance. 
Considerable methods of pasture establishment demand high capital cost and labour, low cost 
establishment methods such as intercropping forages with food crops are economically 
feasible for resource poor farmers. Research results indicate that some improved forages such 
as chloris gayana and Desmodium uncinatum can successfully establish when under sown to 
maize after final weeding of crop without affecting maize grain yield. The forage persisted 
well for three to four years after establishment (Alemu, 1998).  
 
In addition to contributing to soil nitrogen and providing a break in cereal-dominated 
rotations, forage legumes contribute significantly to livestock production in crop livestock 
systems. Low quality crop residues need nitrogen supplementation, often provided by forage 
legumes to become productive diets. In the Ethiopian high lands, for example, Vicia faba is 
not fed to livestock except in combination with cereal straw (Anderson, 1985). It is also 
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possible that forage legumes will increase food production and thus the quantity of crop 
residue available for feed (John McIntire and Siegfried Debrah, 1987).  Accordingly, 
intercropping and over sowing of natural pasture is one of the areas of focus to be studied 
based on the production systems existing in forage and fodder development adopted by the 
farmers of the area. In livestock production one of the most important factors determining 
profitability is to achieve optimal level of feeding. This aim is most problematic during the 
dry season when available feed resource is scarce and is of low quality. Therefore, livestock 
farmers are facing their biggest challenge during the dry season. Producing supplementary 
feed on farm by establishing grass/legume pastures would reduce their problem. For instance 
mixed grass legume pasture produced higher DM yields of better nutritive value than sole 
grass swards (Oni fade and Akinola, 1986).  
 
2.4.4. Other feed resources 
 
Livestock feed resources are classified as conventional and non-conventional (Alemayehu, 
2003), where the non-conventional ones vary according to feed habit of the community and 
others, e.g. vegetable refusals are non-conventionals. Related to this any thing used as 
livestock feed in the area additionally were added into the production of the feed resources to 
estimate its dry matter production.  
 
2.5. Feed Preservation Technique 
 
The most commonly used ways of feed preservation techniques in Ethiopia is hay making 
which is expected to mitigate problems of livestock feeding during the dry period and 
therefore their experience is a good indicator that feeds are being efficiently utilized. 
However; as both grasses and legume decline in quality as the dry season progresses 
(Adjjumo and Ademousun, 1985), ways of preserving nutritive quality through hay making 
during the rainy season may be worthwhile (Duru and Columbani, 1992).  
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2.6. Nutritional Quality Improvement 
 
Supplementary feeding with nitrogen, energy and minerals as well as chemical and physical 
methods of treatment has been used in order to improve feeding value. The chemicals are: 
NaOH, Ca (OH) 2, NH4OH, CaO, UREA, O3 and SO2.   Based on the existing knowledge, it is 
concluded that treatment with NaOH is currently too expensive, and more emphasis should be 
put on ammonification; and that urea might be preferable to NH3 especially for developing 
countries. Treatment with a mixture of Ca (OH2) and urea deserves further attention 
(Hadjipanayiotou and Loucca, 1976). Apart from supplementation, many techniques have 
been developed to increase the efficiency of utilization of crop residues and by-products of 
agriculture (Jackson 1977; Ibrahim, 1981). Methods available are physical processing, 
grinding has given reasonable results when roughages are included in complete diets (Swan 
and Clark,1974) but it does not improve the ME value of the roughage to any significant 
extent (Greenhalgh, 1980). Biological methods are still in the early stages of development and 
it may be some time before methods are devised for large-scale application. The most 
applicable way of improving the ME value of a roughage is by chemical treatment especially 
for low quality roughage and crop residues.  
 
2.7. Grazing Systems 
 
2.7.1. Continous grazing 
 
The productivity of animal may be optimal at low stocking rates but this may result in low 
utilization of the pasture. At moderate stocking rates, production per animal may decrease but 
production per unit area increases. At high stocking rates production per animal as well 
pasture declines as animal demands exceed the supply (Lazenby and Swain, 1972). Ruminant 
livestock continue to rely mainly on natural pastures as their source of feed. However, it is 
recognized that milk production remains low unless when herbage quality deteriorates. 
Commercial dairy meal as a supplement will no longer be affordable by most farmers due to 
escalating costs and unavailability. The approach to explore the use of locally available 
ingredients to formulate substitutes to daily meal therefore becomes necessary.  
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There are different systems of grazing like controlled, continuous, deferred, rotational and 
periodic grazing. Each of these systems has its merits and demerits. However, control of the 
number of animals grazing under any system is of prime importance. This should be 
determined on the basis of the carrying capacity of the grassland. Carrying capacity of 
grassland is determined as the number of animals that can graze in a unit area without 
overgrazing or under grazing in an average season. System of grazing in which animals are 
allowed to graze freely over a particular area continuously is referred as continuous grazing. If 
number of animals allowed to graze is higher than the carrying capacity of the grassland, there 
is fast depletion of desirable species and deterioration of grassland in due course of time. In 
most of the grassland in our country, grazing pressure is high and it does not give chance for 
reseeding which eventually leads to decrease in ground cover and degradation of grassland. 
 
2.7.2. Aftermath grazing 
 
Crop aftermath is also contributing to the ruminant feed supply especially in the dry season.  
It was estimated that the grazing potential of crop aftermath for the altitude zone of 2,000 to 
3,000 m.a.s.l in Ethiopia as 0.4 tonne/ha. On the other hand, Mukasa-Mugerwa (1981) gave 
an estimate of 1.26 tonnes/ha for the Ada district of highland Ethiopia.  
 
2.7.3. Zero grazing 
 
In high and potential areas of Kenya, dairy production is shifting from extensive grazing to 
more intensive (e.g., zero) systems due to diminishing farm sizes resulting from population 
growth and competition for land for food crops that has led to land remaining for livestock 
production (Jaetzold and Schmidt, 1982). Therefore, developing more intensive systems of 
dairy becomes a necessity; zero grazing maximizes land use through the production of high 
yielding fodder crops and their efficient utilization (Ibrahim, 1988). An informal survey was 
conducted in Kenya which indicated that zero grazing of dairy cows is not widely adopted 
because most small holder are apprehensive about its high cost and likely non profitability. 
Farmers who have adopted the system use mainly improved breeds such as Frisian, Guernsey, 
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Ayrshire’s and their crosses. The adoption of zero grazing is constrained mainly by lack of 
credit facilities, lack of initial capital, poor infrastructure, unavailability of pedigree breeds 
and the insufficient utilization of fodders and on farm by-products (Mogaka, 1993).   
 
2.8. Feeding Calendar 
 
Livestock feeding calendar is an essential livestock management practice to use the available 
feed resources efficiently and to supply the livestock with high quantity and quality feed and 
to overcome feed shortage. Livestock feeding calendar varies depending on availability of the 
feed resources in the different months of the year (Alemayehu, 2003). 
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3. MATERIALS AND METHODS 
 
3.1. Description of Alaba Woreda 
 
3.1.1. Area coverage and location 
 
Alaba is found in the southern Nations and Nationalities region which is considered as, rich in 
livestock population. Alaba Woreda is  located 310 km south of Addis Ababa and about 85 
km south west of the Regional capital, Awassa in the Great Rift Valley, It is bordered on the 
south by an exclave of the Hadiya Zone, by Kedida Gamela Woreda on the southwest, on the 
west and north by the Hadiya Zone, and on the east by the Oromia region; the Bilate River 
defines its western boundary. The Woreda is geographically located 70 171 N latitude and 380 
061 E longitude. The Woreda is found at alttitudinal range of 1,554 to 2,149 m a.s.l but most 
of the Woreda is found 1800 m a.s.l.  
 
The Woreda consists of 73 rural and 2 urban Kebeles. The total land area is 38,699 ha; out of 
these 75% is suitable for agriculture. Land use data of Woreda showed 68.7% arable, 6.7% 
grazing land, 7.2% forest, 5.7% potentially cultivable, 4.4% uncultivable land (hills) and 7.3% 
others like rivers, inaccessible lands and gorges (CSA, 2005) (Table 1). The map of the study 
area that describes the two farming systems and the total Peasant associations in the Woreda 
shows detaled information (Figs. 1 and 2). 
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Figure 1.Map of Ethiopia, the Woreda and the Study peasant associations.                         
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 Figure 2.The Woreda and the study sites
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3.1.2. Climate 
 
Agro ecologically, the Woreda is classified as Weina dega. The annual rainfall varies from 
857 to 1,085mm, while the annual mean temperatures also vary from 17oC to 200C with a 
mean value of 180C. The area receives a bimodal rainfall in which the small rains lie between 
March and April while the main rains from July to September (Appendix 1). The reliability of 
the small rain is low (IPMS, 2005). 
  
3.1.3. Vegetation 
 
As a result of long history of agriculture and high human population in the area, vegetation 
cover is very low. Consequently, erosion hazards in the sloppy areas are enormous. Huge 
gullies are observed towards the south western end of the Woreda, where soils are totally 
removed beyond recovery. This is believed to have been aggravated due to the easily 
detachable nature of the soil (IPMS, 2005). 
  
3.1.4. Farming systems and land use types 
 
There are two farming systems in Alaba that are classified based on the crop commodities 
they produce and species of livestock they rear since use of altitudinal, vegetation and soil 
variability were difficult to be uesd to identify due to similarities of these factors. Accordingly 
an area where crop commodities of Teff and Haricot bean are abundantly produced and where 
sheep is the predominant species from livestock is called Teff / Haricot bean / Livestock 
(Farming system I). An area where crop commoditiues of Wheat and Pepper are abundantly 
produced and where goat is predominant species from livestock is called Pepper / Wheat / 
Livestock (Framing system II). Therefore, livestock species abundance is one of the strata 
formation criteria in this case. Intensification of cultivation is higher in Teff / Haricot bean / 
Livestock farming system and due to this reasons lands are covered with crops leaving very 
small plots for grazing land. In Alaba there are 38,699 ha total land out which 32,896 ha 
cultivated and 204 ha are grazing lands (Tables.1 and 2) (CSA, 2006/07).  
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Shortage of feeds is one of the limiting factors in livestock production aggravated by both 
shortage of grazing land and shortage of rainfall, which denied the growth of sufficient feed 
resources IPMS (2005).  
 
Table 1. Land Use type of the Woreda  
 
S.No Land use  Area coverage (ha) 
1. Temporary crop land 31,920 
2. Permanent crop 994 
2. Fallow land 4,411 
4. Grazing land 204 
5. Forest 517 
6.. Others 671 
7. Total 38,699 
 
Source:  (CSA, 2006/07) 
 
3.1.5. Livestock population of the Woreda 
 
Farmers in the Woreda have an estimated total 161,566 head of cattle (representing 2% of the 
region’s total cattle), 34,760 sheep (1.1%), 43141 goats (1.9%), 2,585 horses (0.9%), 2,346 
mules (3.7%), 27,661 asses (10%), 221,342 poultry of all species (3.3%), and 14,690 beehives 
(2%) for the Woreda (Table. 3) and (Appendix 2) (CACC,2003).   
 
TLU conversion of each species of animal is used to convert the number of animals surveyed 
and those totally found in the Woreda (Appendix 3). 
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Table 2 .Alaba Woreda crop production statistics 
 
                                      Year 
         2002            2003             2006/07 
No Crop 
Area 
(ha) 
Product. 
(Qt) 
Area 
(ha) 
Product. 
(Qt) 
Area 
(ha) 
Product. 
(Qt) 
1. Maize 9,486.75  41,328.25  27,052  37,6696  12,894.5 280,579 
2. Sorghum     862.75    3,451    2,717    33,592  3,384.4 40,871.5 
3. Teff 23,194.7  81,831    4,983    29,672  6,428.5 43,272.8 
4. Wheat    5,503  24,763     1,351   16,000  2,459.9 42,943.5 
5. Finger mil.      329       987     2,649   42,552 1,631.3 20,553.4 
6. Barley      NA*     NA*       235      1,410 167.04 1,701.44 
7. Haricot be    966   1,932    1,546    15,684 1,719.11 19,504.6 
8. Pepper    260.8      782.4    3,094    18,220 1,590.32 * 
9. Faba bean      24        48         49         294 * * 
10. Lin seed        6        18           6           24 23.22 117.13 
11. Rape seed     60      180         64         320 * * 
12. Fenu greek        8        24           8           24 31.72 69.34 
13. Potato     238    3,570       102      2,832 642.93 * 
14. Lentils       71       213         74         296 66 122 
 Total  41,010 159,127.65 43,930 537,616 43,830 449,734.71 
 
NA*= Data not available 
Source: Alaba special Woreda OoANRD, crop production and technology distribution desk 
(CSA, 2005) and (CSA, 2006/07). 
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Table 3. Livestock population of Alaba Woreda  
  
 
S.No 
 
Livestock species 
 
Population 
1.  Cows    48,570 
2.  Heifers    22,230 
3.  Oxen    45,984 
4.  Bulls    16,180 
5. 
5.1 
5.2 
 Calves  
?  Female  
?  Males  
  28,764 
  13,130 
  15,634 
6. Total Cattle  135.637 
7.  Sheep    40,223 
8. Goats    54,462 
9. Donkeys    20,497 
10. Mules      1,067 
11. Horses      3,581 
12. Poultry  130,916 
13. Bee Hives      4,722 
 
Source: (CSA, 2006/07) 
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3.1.6. Human population in Alaba Woreda 
 
According to the recent Woreda population reports (2004), the total number of rural 
households in 73 Peasant associations (PA) in the Woreda is 35,719. Out of these, 26,698 
(75%) are men and, 9,021 (25%) are women households. The total Woreda population is 210, 
243; out of which 104,517 (49.7%) are male and 105,726 (50.3%) are female IPMS (2005). 
 
3.2 Stratification and Sampling Method  
 
Alaba Woreda has two farming systems which have respectively 43 and 30 peasant 
associations categorized based on the type of crop grown, altitude and species of animal 
found. Survey results have come up with some more variations between the two farminf 
systems like vegetation species composition and grazing land-holding types. Therefore, these 
two were taken as strata to categorize PA’s in the Woreda and in each strata or farming 
system two further stages were formed depending upon the variation in the level of 
management of livestock, availability of feeds, systems of feed preservation and usage of the 
feed resources with Woreda experts of forage agronomy and animal production (Appendix 4). 
Five peasant associations in each stage were selected and household surveys were conducted. 
Stratified two stages random sampling technique was employed to select farm households in 
each farming system and a total of 114 farm households were randomly visited once for the 
interview (Figure 3). 
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Figure 3. A chart showing stratifications and staging for livestock feed resource efficiency 
utilization research in Alaba 
 
3.2.1. Study design and types of data collection 
 
The first phase of the data collection used a combination of rapid rural appraisal techniques 
and standard questionnaire.  Then designing the questionnaire was carried out based on the 
results of the checklists of discussion with focused groups. The respondents of the check lists 
were both female and males of different age categories. The structured questionnaire was 
administered at two seasons in both farming systems by the enumerators. A rapid survey of 
five days with experts of forage agronomy, animal production in the Woreda and focused 
group discussion was made with key informants after designing check lists of issues to be 
covered with the experts and ILRI staffs in Alaba upon those parameters to be studied in each 
peasant association selected. Then after a well structured questionnaire was prepared in a way 
it can address the interests of all the key informants commonly, pre-tested, changed into 
Amharic and half a day workshop was given to all Woreda staffs along with five days 
Alaba Woreda 
Farming system I 
Has 43 PA’s 
Farming system II 
Has 30 PA’s 
Selected 2 PA’s better 
in livestock 
management 
 
Selected 3 PA’s better 
in livestock 
management 
Selected 2 PA’s worse 
in livestock 
management 
Selected 3 PA’s worse 
in livestock 
management 
 
18 households were 
randomly selected for 
data collection 
12 households were 
randomly selected for 
data collection 
12 households were 
randomly selected for 
data collection 
18 households were 
randomly selected for 
data collection 
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consecutive training on how to administer the questionnaire for development agents of the 
Woreda selected from both farming systems. This was followed by the actual survey that had 
taken place in two phases. The first household survey was carried out from December 06-19, 
2007 for fourteen days in ten peasant associations. While the second consecutive season 
household survey was conducted from June 24-July 07, 2007 for the same days. This was 
meant to observe the variability that might have been caused due to season in feed quality and 
quantity. 
 
The questionnaire had two parts where part I deals with quantitative parameters that were 
used to estimate the quantity of major feed resources produced at every farm household with 
respective livestock holdings and part II with qualitative information’s used to evaluate the 
efficiency of utilization of feed resources. Part I of the questionnaire included parameters of 
household size, land size, grazing land size, area cultivated, grain production, crop residue, 
land use pattern, indigenous browse trunk diameter, available feed resources to get total dry 
matter of the household and herd size with species composition to get the total livestock units 
of the household and, Part II of the questionnaire had parameters of Management practices 
like feeding system, grazing system, seasonal availability of feed and copping mechanisms. 
 
To estimate the livestock feed balance currently available ten sampled peasant associations 
were selected from the two strata of the Woreda and in each strata and each stage five peasant 
associations from which six households were randomly selected have been properly 
administered the questionnaires. Land use pattern study was also one of the major parts of the 
survey parameters to see the rate by which crops are cultivated as an extract of livestock feed, 
proportion of grazing land possessed either as a private or communal grazing land, studying 
potentiality of availability forage trees, indigenous browse in the vicinity of the farm 
household for ultimate extraction of dry matter in tonnes from these major feed resources to 
make a conclusion about the functional relationship that exists between the number of 
livestock holding of the farm household and the total feed resources produced at each farm 
household. These all surveys were made to analyse feed balance estimates and conclude about 
the ratios that exist between livestock number holding after having been converted into TLU 
in the Woreda.   
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Feed preservation method, nutritive quality improvement, and system of grazing applied, rate 
of adoption of forage development and feed resource management were also studied on the 
qualitative aspect dealing part questionnaire to evaluate efficiency of utilization of livestock 
feed resources. 
 
3.2.1.1. Household characteristics, livestock and feed survey 
 
The main objective of collection of data on household size, land size, area of cultivated land, 
grain production, and land use pattern was to  study the livestock feed  resource base of the 
farmer for output emanates from these base properties which is specifically livestock feed, 
crop residues in this particular case.  
 
3.2.1.2. Estimation of crop residues yield 
 
Areas of land cultivated and yield of crops obtained were surveyed by using the 
questionnaires at the visited households. In this respect, all cereals, pulses, vegetables and 
cash crops produced by each farm household were all incorporated regardless of their 
nutritional quality. Accordingly total land cropped by each farm household was surveyed with 
the yield obtained from these cropped lands so that the yield of crop residues is calculated 
based on the biomass harvest index ratio of 1: 2 (Seyoum and Zinash, 1991). From this then is 
obtained the total crop residues biomass yield of all crops sawn by the farmer in tonnes so that 
a conversion of the dry matter yield of every crop residue is obtained as per the chemical 
analysis result for a Sub-Saharan country (SSA), Ethiopia to get the total dry matter yield 
ratio amount of crop residues produced by each household and that of each farming system 
and the Woreda overall.  
 
General linear model (GLM) was fitted for dry matter yield of each crop residues in tonnes 
over the areas of cropped land of the households, number of oxen holding of the household in 
tropical livestock units and the amounts of fertilizers used as covariates by each household.  
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3.2.1.3. Estimation of the productivity of natural pasture 
 
A range of biotic and abiotic factors influences the productivity of grassland. It is influenced 
by type of herbage species, ground cover, edaphic factors including the type and texture of the 
soil and its fertility, climatic factors particularly temperature, rainfall and its distribution, and 
presence of undesirable plant species. The utilization of herbage either directly by animals or 
under cut and carries system also affects grassland production. The high grazing pressures to 
longer periods leads to elimination of desirable species and eventually decrease in ground 
cover. The factors, which affect grassland production, are interlinked to varying degree 
depending upon situation. Grassland production can be judged or assessed on the basis of the 
production of dry matter, milk or butter, live weight or carrying capacity. The climax 
grassland in its true equivalent to the steppes, pampas, prairies in other areas appears to be 
absent in Alaba because very small land of area left in front of the household plot with mean 
value of 0.442 ha is overgrazed continuously since it is the main stay of animals. 
 
General linear model (GLM) was fitted for Dry matter yield of private grazing land of the 
household in tonnes over household grazing land size and number of households’ livestock in 
TLU for each type of livestock’s used as covariates.  
 
Both private and communal grazing land sizes of the entire visited farm household were 
surveyed in the questionnaire where normally in farming system I the later was not at all 
found but is to a certain extent available in farming system II of the Woreda’s area. What was 
obtained as a proportion of the communal land was shared amongst farm households herding 
their livestock to obtain the share proportion of each farm household land size. Assessment of 
grass-legume composition was conducted at two seasons whem most of the pasture was at 
blooming stages for grazing lands using 1x1 m2 quadrats at six peasant associations and three 
in each seasons. Herbage within the quadtrat was cut at ground level and put in an an oven for 
dry matter at 100 0C for 24 hours and the dry weight basis method was used to identify the 
first and the second species respectively. Then after using (FAO, 1987) dry matter yield 
production yield conversion factor of 2 t/ha, the total yield of the grazing land of each 
household was obtained and added to the total livestock feed resources produced at each farm 
 
 
  
  
27
household from crop residues, tree fodder and any other unconventional feed resources 
produced by the household. 
 
3.2.1.4. Determination of biomass yield from trees and shrubs 
 
During the questionnaire interview farmers were asked which of the indigenous trees found 
around and in their household vicinity are browsed by their livestock so that sorting of these 
tree species has been done. This was followed by cross checking of the use value of these 
trees as animal feeds using different books and literature in addition to personal experiences. 
Then after, samples of these trees were collected to make specimens of their leaves, thorns, 
pods and seeds for species like acacia where it was later taken to Alage Agricultural Technical 
and Vocational Training College’s Natural Resource Department Herbarium for 
identification. Two species from each trees and shrubs were sampled from the households but 
unfortunately enough it was not possible to find shrubs of feed values except tree forages 
within farm households’ vicinity; indeed, there are a lot within the grazing land and forests.   
 
Trees used as forages for animals found in the territory of the farmers were considered in spite 
of high potential availability in the Woreda as inaccessible land and as forest of many more 
tree species as livestock feeds and their trunk diameter measured at  30 cm height for shrubs 
and 120 cm height for trees using measuring tape and leaf yield per annum was determined 
using the allometrric equation of log w = 2.24 log dt-1.5 (Petmak, 1983) where each 
enumerator had one measuring tape for this to calculate for its potential biomass yield using 
the existing equation  (Appendix 5). Then, dry matter yield portion of these tree species was 
directly obtained from the Sub Saharan Africa (SSA) feeds chemical analysis result data base 
(Appendix 6) from the total yield potential biomass of the trees obtained.  It was then summed 
to the total dry matter yield production of the household. 
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3.2.1.5. Estimation of aftermath and fallow grazing 
 
Total lands after cropping was considered at each household level along with potential fallow 
lands; even though, the latter is uncommon in Alaba to obtain the dry matter yield 
contribution of the households as per annual conversion of (FAO, 1987) which is 0.5 tonne/ha 
and 1.9 tonnes/ha respectively to get the total dry matter production of the households for 
which balance estimate with livestock unit ratio is to be computed with evaluation of 
efficiency of utilization using the model.  
 
General linear model (GLM) was fitted for total dry matter yield obtained from aftermath of 
the household over household total cropped land size and areas of land the household covered 
by different crops to infer ablout the estmates of changes of the aftermath that would arise 
because of 1 unit changes of the covariates.  
 
3.3. Feed Utilization Efficicency, Estimation of Nutrient Supply and Requirement 
 
Dry matter production from all feed resources was used to evaluate utilization efficicency of 
the feed resources. General Linear model was fitted based on parameters that affect utilization 
of livestock feed resources of grazing land if the farmer uses proper system of grazing, 
feeding calendar and storage of crop residues with quality upgrading. Nutrient requirement of 
a given animal is calculated based on 2.6 kg of DM/100 kg of live weight for each animal and 
all the animals in the surveyed households (Greyseels and Anserson, 1993). Database of Sub-
Saharan African feeds was exhaustively utilized by for samples results that range up to 
thousands especially for a Sub-Saharan Africa country, Ethiopia and the values were entered 
as a data for analysis to get the results (Appendix 6). Total dry matter yield obtained from the 
analysis result was compared against the total livestock holding of each farm household, 
farming system and the Woreda and the feed resources were summed together to estimate the 
total dry matter of the feed resources and to compare it versus the total ruminant feed 
requirement after converting them into the appropriate livestock units. 
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3.4. Statistical Models used for Data Analysis 
 
1. Xijk = µ + Fi +Cj + Gk + eijk, Where  
Xijk is the dry matter yield obtained by the household from grazing land 
Fi is the effect of i th location (Farming system), i = 1 and 2 
Cj is the effect of j th household grazing land size, j = 1, 2…114 
Gk is the effect of k th household size in tropical livestock unit (TLU), k = 1, 2…114 
eijk is the random error 
 
2. Yijk = µ + Fi + Hj + Ik + eijk, Where  
Yijk is dry matter content obtained from crop residues production of the household 
Fi is the effect of ith location (Farming system), i = 1 and 2 
Hj is the effect of j th household oxen holding in tropical livestock unit (TLU), j = 1, 2…114 
Ik is the effect of k th household fertilizer use in tonnes per annum, k = 1, 2…114 
eijk is the random error 
 
3. Zijk = µ + Fi + Jj + Kk+ eijk, Where  
Zijk is total dry matter yield obtained from aftermath of the household 
Fi is the effect of i th location (Farming system), i = 1 and 2 
Jj is the effect of j th household cropeped land total 
Kk is the effect of k th each crop area in hectare 
eij is the random error   
 
4. W ijlkm = μ + Fi  +cj  + Ok + vl + Zm +  e ijlkm ,Where. 
W ijlkm is dry matter production of the households all  
Fi  is  the effect of I th Preservation technique employed; hay making, i = 1 or 2 
Cj  is the effect of j th storage house constructed, j = 1 or 2 
Ok is the k th quality improvement employed k = 1 or 2 
Vl  is the effect of l th Proper system of grazing employed l = 1 or 2 
Zm is the effect of proper feeding calendar employed on a grazing land z = 1 or 2 
e ijlkm  is the random error   
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3.5. Data Analysis and Interpretation 
 
Data of the survey results and relevant secondary data were organized, summarized and 
analyzed using SAS, 1987 (Version 8.2) statistical package. Descriptives, regression and two 
ways independent mean comparison between a given parameter of the two study sites using 
Levene’s test for equality of variances were employed in data analysis. Mean and percentage 
values of various parameters were compared between the two study sites of the Woreda 
(farming system I and II). Accordingly, values of parameters that differed significantly among 
the two studied areas were separately presented. The general linear model of univariate and 
multivariates was used to fit models, observe their significances and estimate the effect of 
covariates on a single dependent variable and the effect on many dependent variables 
respectively. The model estimated the possible change values that might come because of one 
unit change of the covariates cearly.  
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4. RESULTS AND DISCUSSION 
 
4.1.  Human Population and Socio Economic Characteristics of the Households 
 
4.1.1. Human and socio-economic characteristics 
 
The average family size of the households was 8.52 ± 0.41 (ranging from 2-25) and this value 
is higher than the average values registered so far in the Woreda by researchers. Tsedeke 
(2007) reported in the same Woreda sometimes before a value of 6 and Endashaw in Dale 
district of Sidama zone found a value of 7.5. This value was also greater than both the 
regional and National values report of 5.2 (SNNPR) and 5.1(CACC, 2003), respectively. This 
is highly attributed to the polygamous marriage of the society in the Woreda and low 
awareness of family planning. Kebede et al., (2006) in Wolayita Woreda reported a value of 
6.3. The values of family size between the two study sites of 7.95±4.50 in farming system I 
are comparable with a value of 9.41±3.80 in farming system II of the study areas, 
respectively. Therefore; family size of the household was not significantly different between 
the two study sites (P>0.05) (Appendux 7). Majority of the households were male headed 
which account for nearly 91.3%. Having many members of the family seems to be considered 
as an asset and security in times of retirements. Regardless of their gender, educational level 
of the surveyed households showed 58.5 % illiterates and the remaining being above read 
only in farming system I where as this percentage was 65.9 % in farming system II. 
Henceforth, significant differences between the two study sites among household leaders were 
not observed in the level of education (P > 0.05). This was attributed to better chances of 
education and establishement of schools uniformly in both farming systems. Average ages of 
the surveyed households’ leaders were 42.82±1.37 with the minimumu value of 23 and the 
maximumu value of 90 yesrs. Ages of the households were comparable with results of Alaba 
40.3±0.92 (Tsedeke, 2007), and still with no significant difference between the two study sites 
(P > 0.05) (Appendux 7). 
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4.1.2. Land holdings and land use systems in the study area 
 
Land is the most important limiting production factor in the study area and the quality and 
quantity of land available greatly determines the amount of production. However, as opposed 
to family size, the land holding per housewhold is decreasing from time to time posing the 
integration of crop and livestock systems with no fallacy. Rate of land allocation for 
cultivation was 80% in teff / haricot bean / livestock farming system with mean value of 1.84 
per household and communal grazing land per household was 0.02±0.01 (Table 4) which 
implies that lands allotted for communal grazing are rarely found and indeed this small value 
itself was because of some sites in the strata bordering with the northern parts where livestock 
are reared in a sort of range due to agro-pastoralist nature of the farming system. Otherwise; it 
is infrequent to get communal grazing land in teff / haicot bean area due to shortages of land 
and high rate of cultivation. Private grazing lands of the surveyed households showed a value 
of 0.35±0.035 in this farming system (Table 4).  
   
Total land holding per household of 2.96±0.01 ha in farming system of Pepper / Wheat 
/livestock out of which 74.3% was cultivated and mean value household of 2.14 in teff / 
haricot bean /livestock were not significantly different (P > 0.05) (Appendix 8 and 9).  Areas 
of communal and private grazing lands of the households between the two farming systems 
were, however, significantly different at (P <0.05) (Appendix 10). This is so because farmers 
relatively allot more plots of their lands in pepper / wheat /livestock area of the Woreda where 
this in turn will influence the total feed resources to be obtained for their livestock in total dry 
matter regardless of the ratios with the livestock density (Appendix 11). Forest and woodland 
coverage’s of the households’ and areas of the households used for any other in both farming 
systems were not different significantly (P > 0.05) (Appendix 12). One important point to 
trace with regard to forest and wood lands was that the proportion owned by private 
households according to the survey result is below 50% of the total forest coverage of the 
Woreda because the rest are state forests to contribute to the household feed resources. 
Therefore, secondary data was analysed to skip this problem to quantify the feed resources of 
the Woreda by using 551 ha of Woreda’s forest cover (CSA, 2005). Most peasant associations 
found in the northern and western part of the study Woreda especially Woteta feten, Besheno-
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Hantezo and Wishiamo were observed to be highly exposed to erosions and most of their 
grazing lands and cultivable lands were under this threat. These lands are potential if used as 
fodder bank development and rehabilitated by stoloniferous grasses which will have a double 
role in this case. 
 
The average land holding of the overall study sites per household was 2.55+0.086 ha and this 
value is comparable with 2.3+ 0.09 (Tsedeke, 2007). In the Southern regional state and the 
country studies indicated that the minimum land holdings is 2.01 ha and the maximum is 5 ha 
for 32.6% smallholder farmers in the country and 16.2% of the smallhoder farmers in 
SNNPRS level, respectively and land holdings ranges from 1.01 to 2.00 ha for about 30.8% of 
farmers in the SNNPR and for 33.3% of farmers at the national level (CACC, 2003).  
 
Land and livestock holdings showed a direct linear relationship in the study areas where 
farmers with larger land holdings had higher livestock holdings and when land holdings 
became smaller there is a trend of keeping more numbers of small ruminants than cattle. 
Responents also reported that livestock holdings has reduced in the past three decades in spite 
of the fact that splitting of families due to marriage might be expected to increase the 
livestock numbers attributed to additional formation of households. This is so because land 
holding is fixed whereas succesive new families to be formed due to population pressure 
share only what was previously owned by their families leaving some plots to their families. 
Therefore, this trend clearly showed that land holding per newly formed household always 
decreased and still remains decreasing. In this condition farmers have to therefore diversify 
their system of farming to efficiently utilize the scarce resources at their hands. The steps in 
this case first is increasing utilization of available feed resources in the area along with 
conservation of natural resources then intensive farming that might lead to reduction of the 
large stock they have at hand and increasing of production per animal. 
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Table 4 . Land use system and mean differences between the two farming systems in hectare 
 
Land use types 
 
 Farming 
systems 
N Mean Std. Error 
Mean 
Cropped land  FS I 
FS II 
62 
52 
1.84 
2.14 
0.093 
0.107 
     
Private grazing  FS I 
FSII                    
62 
52 
0.35 
0.55 
0.035 
0.062 
      
Communal 
land   
FS I 
FS II 
62 
52 
0.02 
0.06 
0.0056 
0.019 
      
Road side 
grazing  
FS I 
FSII 
62 
52 
0.04 
0.04 
0.0024 
0.0048 
      
Forest and 
wood land  
FS I 
FSII 
62 
52 
0.02 
0.02 
0.0094 
0.023 
      
Fallow land  FS I 62 0.01 0.0057 
  FS II 52 0.07 0.0273 
 
Other land   FS I 62 0.04 0.0112 
  FS II 52 0.03 0.0144 
 
N: B FSI = farming system I and FSII = farming system II 
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4.1.3. Livestock holding and composition  
 
This study focuses on the individual as well as the total holdings of the study areas based on 
the sampled households. Individual farm house holdings of each livestock species and 
structures were converted into appropriate tropical livestock unit conversions to get the TLU 
values. Total TLU in the Woreda was found to be 9.87 per household as per the survey result 
of which cattle, sheep, goats and equines take a proportions of 7.38, 0.27, 0.42 and 1.8 TLU 
where as poultry took 4.01±0.42 TLU. Comparison of means of almost all livestock showed 
significantly higher difference between the two farming systems (P < 0.05) (Table 5) where 
more densities in TLU were found in farming system II but sheep and horses were abundantly 
found in more stocking rates in farming system I (Fig. 4). Oxen, dairy cattle and poultry 
holdings were not significantly different (P > 0.05) between the two farming systems the 
reasons of impressions are because oxen are the main traction components for cultivating the 
lands and dairy cattle are the main sources of fresh milk for both children and the families and 
non significance of poultry implies the fact that variations in wealth and asset holdings are 
related in the farm households on economic potential (Table 5). In more clear terms all 
farmers have no variation economically in buying and establishing asset upto poultry 
however, this variation becomes more pronounced as they go higher than poultry to sheep, 
goats and other livestock. The total TLU value of the Woreda based on the surveyed data 
were found to be 1,128.2 for all species of livestock where the peak value is held by dairy 
cattle followed by oxen, heifer and female calves respectively which clearly imply their high 
use value within the farmers. Tsedeke (2007) estimated the total TLU value of the Woreda to 
be 1,202.5 where you find a difference in this regard. The variation of TLU findings with 
Tsedeke is attributed to the fact that Tsedeke purposely selected peasant associations of more 
densities of sheep in farming system I and more densities of goats in farming system II. The 
total TLU values of Farming system I of all livestock was calculated as 498.7 where the 
household share was 9.5 TLU per household and the value for Farming system II was 629.6 in 
total and 10.15 for household share (Figure 4).  
 
Livestock have multiple roles in the smalholder systems in addition to food source for the 
farmer including power for cultivation, threshing, modes of transport to convoy their 
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agricultural products to the market and bring back their domestic necessities. Livestock also 
confer a certain degree of security in time of crop failure, as they are the “near cash” capital 
stock. They also provide farmyard manure commonly applied to improve soil fertility. In 
general, they determine the economic, social and political status of the farmer and their 
holding is a great asset to the farmer. 
 
In general, cattle were the predominanat livestock of the total sum of the herd composition 
holding of the farm households by 837.8 TLU where equines, goats and sheep ranked values 
of 114.8, 40.9 and 33.6 TLU; however, taking the two farming systems sheep predominate the 
composition of shoats by 18.3 TLU in Teff / haricobean /livestock farming system compared 
to 15.9 TLU of goats and goats predominate by 24.5 TLU in farming system II sheep of 15.3 
TLU (Fig. 4). In this regard values of TLU findings of shoats are not comparable at all with 
Tsedeke (2007). This is so because no dominance of specie was taken into account in the 
category of study sites selection in our case. According to the above survey result, sheep 
dominate goats in teff / haricot bean /livestock farming system and goats dominate sheep in 
pepper/wheat/livestock farming system. This highly confirms with findings of the pilot 
learning site (IPMS, 2005). 
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Figure 4. Total livestock holding and structure in the Woreda (Based on the survey data). 
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Table 5. Significance differences of different livestock structures between the two farming systems 
  
 Animal in TLU F Sig. t df Sig. (2-tailed) Mean 
Difference 
Std. Error 
Difference 
Number of oxen of the 
household  
0.963 0.329 ns -1.49 112 0.137 -0.46 0.31
    -1.47 100.92 0.143 -0.465 0.31
Number of sheep 
lamb of the household  
13.188 0.000* 2.00 112 0.048 0.040 0.02
    2.08 101.55 0.039 0.04 0.01
Number of mature 
male goats of the 
household  
6.006 0.016* -1.26 112 0.207 -0.01 0.00
    -1.22 84.43 0.224 -.01086 0.008
Number of young 
horse of the household  
7.356 0.008* -1.32 112 0.188 -.04864 0.036
 
* Means are significant at P <0.05
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4.2. Dry Matter Productions of the Different Feed Resources 
 
Feed resources in the Woreda are obtained from grazing land, fodder crops, fodder trees, crop 
residues and a locally available mineral ‘bole3’. A total of 1,224.6 tonnes of dry matter from 
all feed resources are produced in 114 surveyed households which make the ratio of dry 
matter to livestock holding of the Woreda to be 1.09 of where the greatest proportion is 
obtained from maize and sorghum crop residues and considerably low amount of feeds are 
obtained from the grazing lands of the Woreda when compared to the total livestock holdings 
available. In this study each feed resource produced at each household was computed on dry 
matter basis and mean and sum totals were all arrived at where the following results were 
obtained (Figure 5). 
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Figure 5. Dry matter production shares of different feeds of the Woreda in tonnes (Based on 
survey data). 
                                                 
3 ‘Bole’ is local name given to salt licks of animal by many kushitic languages. 
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4.2.1 Assessment of grass/legume composition 
 
Three representative samples of quadrates taken at three peasant associations in each farming 
system namely Wotetea feten, Aje huluko and Hantezo one sample in farming system II and 
Wanja woldiya, Guba and Alem tena also one sample in farming system I showed the grass to 
legume proportion to be quite negligible with very little indigenous herbaceous legumes and 
with total biomass weights of 1,229, 950, 1,540, 1322, 1,301 and 1,440 gm respectively. The 
average fresh weight was 1,138.82 with 27.83% dry matter content yields after oven dried 
which makes dry matter of 3.17 tonnes per hetare. This value is quite comparable with earliest 
70 days maturity harvest in August of 3.1 tonnes per hectare which is the minimum (Yihalem, 
2004). Using the dry-weight method first, second and third heaviest species on the basis of 
bio-mass were all grasses of Cynodon dactylon, Digitaria and Eragrostis species.  This is an 
indication of heavy grazing since cynodon is a grazing tolerant species with propotions of 
more than 68.2% in private grazing lands even though the proportion relatively reduced below 
this level in communal grazing lands.  
 
The commonest herbaceous genera include Hyparrhenia rufa, Cynodon dactylon, Pennisetum 
schimperii ,Arundo donax in river edges from perennials and Digitaria decumbuns and 
Eragrostis species from the annual one’s are very common. Staylosanthus species and 
indigenous annual legumes are also found to a little extent indicating high rate of grazing. As 
one moves north, there are relatively greater goats since this area represents the lower altitude 
of the Woreda where pepper livestock production predominates in a sort of range and farmers 
in this area have communal grazing land which is not at all the characteristics in farming 
system I. Rainfall pattern is variable and drought is recurrent, consequently fluctuations in 
herbage quality and quantity within and between years are very common. 
 
In enclosed areas of the farmers, plots Cenchrus ciliaris and Hyparrhenia rufa were the 
dominanat grass species observed in the study areas. Pennisetum schimperi was also excluded 
from livestock in most areas of farming system I for roof shattering and some times as feed in 
spite of this species being unpalatable to animals. In genral private grazing lands of the farm, 
households were highly overgrazed because animals encroach around it during longer periods 
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when lands were cultivated and occupied by both Meher and belg crops. The average fresh 
weihgt was 1,297.01 gm for the six sites at two seasons and the average dry matter yield 
obtained was 29.47% with slight variations of magnitude in seasons. This magnitude shows 
incomparable value of the dry matter yield from grazing land (FAO, 1987) because it is 
attributed to the fact that sample biomass is taken only once in a season in this research; 
however, grasses tend to proliferate more when they are either harvested or grazed by 
livestock to optimum pressure. It is therefore worth understanding to take 2 t DM/ha for 
estimation of the feed resources yield produced from grazing land. 
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4.2.2. Dry matter production of private grazing land 
 
Total private grazing land dry matter yield obtained on average from the surveyed households 
was found to be 0.93+ 0.10 and 1.58+ 0.19 in Teff / Haricot bean /Livestock and Pepper / 
Wheat / Livestock farming system respectively and this significantly higher value of the dry 
matter (P < 0.05) is attributed to more plots of land owned by the farmers in the latter system 
which will go to support the more denser livestock holdings per household and (Fig 6). The 
over all dry matter yield production per household was 1.22+ 0.09 from an average grazing 
land holdings of 0.44+ 0.04 according to yield estimate of FAO (1987). One point to be of 
importance in relation to grazing lands is the grass-legume mixture that improves palatability 
and digestibility of roughage by keeping the crude protein content above the critical level of  
7 to 8.5 % below which voluntary feed intake declines (Whiteman,1980). This is the problem 
of highly overgrazed lands since increasers overwhelm the grass-legume composition at the 
expense of palatable decreasers. This problem is more magnified on private grazing lands 
than others due to overgrazing, which are the second great sources of animal feeds in the 
study areas.  
 
Results of analysis of the fitted model for grazing land showed the following variables with 
the corresponding P-value in the bracket have a significant effect over the dependent variable 
Dry matter yield of private grazing land. Household grazing land size in hectar (<0.0001), 
Number of household livestock in TLU for horse (0.03), mature female donkey (0.04), and for 
dairy cows (0.07) (Appendix 13).  
 
The fitted model can be written as: Dry matter yield of grazing land = 0.53 + 1.94 Household 
grazing land size in hector + 0.40 TLU for horse -0.53 TLU for mature female donkeys + 0.14 
TLU for cows. The sign for the estimated coefficients is positive for the three parameters and 
this is an indication that they have positive impact on the amount of dry matter yield obtained 
from grazing land except mature female donkeys. These coefficicents estimate the dry matter 
obtained per household as influenced by a unit change of the significant variables (Appendix 
13). This clearly showed that dairy cows are the important livestock structures prioritized by 
farmers mainly because they are the sources of children milk, butter for generating cash and 
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pulls for replacement stock (Appendix 13). This finding is similar with priveous results in 
Sinan area of about 72.5% of the objective of cattle rearing first is for draught because crop 
production is the main means of living and 61% ranked dairy cattle second (Solomon, 2004). 
Survey has proved that especial supplements of any feed including fodder are given priority 
for dairy cows followed by draught oxen. Surprisingly, enough oxen were not found to have 
any significant linear effect over dry matter production of grazing land of the households. 
Female donkeys were the second herd structures that had significant linear effect but inversly 
on dry matter productions of grazing lands of the households and this implies that they are the 
main sources of transportations to load marketable goods from the farm to the market and 
bringing back forth farmers domestic consumptions. It has been also observed in Alaba that 
either a single donkey pulls an animal wheel cart or pairs of donkeys have been observed to 
give transportation services for the farmers as a chariot in the deep local kebeles and for most 
cases Alaba is an area where dense donkey population was found relatively. Horses were also 
linearly related as per the model result to dry matter production of grazing land of the 
households because they are farmers’ local vehicles and have good income from sale to urban 
areas to be used as “Gari”. This finding is in agreement with donkeys are mainly used for 
transporting goods from site to the market in Sinana and in Dinsho due to cool temperature 
horses substitute the role of the donkeys (Solomon, 2004). 
 
All the rest of livestock had insignificant linear effect on dry matter production of grazing 
lands of the households, which clearly showed that the rest of livestock species and structure 
exist and increase at the cost of the reserved households’ dry matter from grazing lands of the 
three significant linear animal species (Appendix 13).  This is why only one-third of the total 
feed was available in Alaba. The crop residues contribute to rest of species and structure of 
animals in spite of being low in nutritive value. Other interventions for the rest of the 
livestock must therefore be assessed to meet their feed requirement. Grazing is continous 
throughout the year for all these animals with out control (Fig 7). 
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4.2.3. Dry matter production of communal grazing land 
 
Even tough, communal grazing land was not charecterestically owned by farmers in farming 
system I dry matter content yield per household was 0.02+0.01 and 0.10+0.04 in the two 
farming systems respectively with an overall production of 0.06+0.18 showing significantly 
higher difference at (P <0.05) between the two study sites. Some peasant association of the 
study areas are under critical soil erosion problems where it affected more areas of grazing 
lands especially on the north and west part of the Woreda where intense rain in the highland 
washes away the top soil which is attributed to the detachability nature of the soil and 
plantation of these areas with fodder trees can be a good option to prevent the risks for short 
term strategy. Unlike other areas Parthenium hysterophorus an invasive alien weed was not 
found to be problems of grazing lands in spite of the areas being wheat cereal dominated in 
Alaba particularly in farming system II.  Clovers of better proportional ratios in relation to 
private grazing lands clearly depicted the fact that nutritional quality is better in addition to 
quantity especially in farming system of Pepper / Wheat /livestock production. This is one of 
the reasons why normally feed availability is relatively higher quantitatively for this farming 
system compared to Teff / haricot bean/livestock. Short cycle annuals dominate the 
herbaceous layer and vegetation composition has a typical rift valley dominant Acacias and 
other browsable woody genera. Goats make better compositions of the stock and due to 
inbalance of animal kind-mix in grazing, browsing, and infrequent vist of camels; the woody 
genera face invaders like dichrostachys cinerya and other thorny plant species. The feed 
security status in this study site of the areas ensures better reliability for goats than other 
animals. 
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Figure 6. Mean difference of dry matter yield of grazing land between the two farming 
systems 
 
When compared with TLU value of 9.87 for the overall Woreda’s, 9.5 and 10.15 TLU values 
for Farming system I and II the grazing pressure of the grazing lands of the two farming 
systems was computed as 21 TLU per ha of lands for the overall Woreda’s, 9.03 and 15.9 of 
TLU per ha of land respectively implying the high pressure and the greatest feed source not to 
be from grazing. This was computed by dividng the mean per household TLU holding of the 
houseolds by the mean grazing land in hetare. The grazing pressure on semi-arid rangelands is 
estimated at 3.2 Adult cattle unit (ACU)/ha (Rakhib, 1981), where as a range land of good 
range condition has the carrying capacity of 0.2 to 0.5 ACU/ha (Raheja, 1966) the grazing 
pressure ranges from 1 to 4 ACU/ha. However, the values of grazing pressure obtained for 
Alaba from the survey results clearly depicted that grazing land is not the major sources of 
feeds for the Woreda livestock. 
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Figure 7. Status of grazing lands in Pepper/Wheat/livestock farming systems, picture 2 at 
Hantezo site and pictures 1, 3 & 4 at Wishiamo sites. 
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4.2.4. Dry matter production from crop residues 
 
Crop residues are abundantly produced in almost throughout the world where there is 
integration of crop-livestock and different thoughts exist as to their complement and contrast. 
In the case of our research result what was observed was that because both crop-livestock 
compete for the same resource land there is no doubt that this is false and yet livestock also 
benefit greatly from crop residues in spite of its being low in nutritive content. Straws from 
various crops contain high indigestible material (Chesson, 1981) and they are resistant to 
fermentation in the rumen. Teff (Eragrostis teff) is one of the major cereals straws produced in 
Ethiopia. It has low In Vitro and In Situ degradability values (Melaku et al., 2003). Feeds 
with such nutritional charecterestics, which are relatively abundant in tropical farming 
systems need to be supplemented with better sources of crude protein (CP) in order to support 
reasonable animal production. In relation to this, not only the animal but also the soil 
improves in fertility if legumes are incorporated and experiments conducted in Ethiopia have 
shown that the native clover pastures T.rueppellianum, T.quartinianum and T steudneri have 
significantly increased the grain and straw yields of subsequent wheat crops (Abate et al., 
1992; Tekalign et la., 1993). 
 
Of all feed resources produced in the Woreda crop residues produced in terms of dry matter 
alone were 65.3, 57.73, and 78.72% in teff / haricot bean /livestock, Pepper / wheat livestock 
farming systems as well as the Woreda, respectively. Farmers understand the fact that crop 
residue is one of the major feed resources to rely on but very few of them store in a separate 
cottage to cope up the long period of unavailability of six months as a result most of the crop 
residues are hipped up out side in the field or discarded to be wasted by trampling. This 
results mostly in mouldy condition reducing palatability and intake. Some farmers also 
claimed that crop residues from wheat is not good if given to animals because they believed 
that as animals eat they get undermined energetically with ultimate body 
emaciation.Therefore, most farmers do not give wheat straw unless the animals face critical 
feed shortage. One can easily understand the average values and standard errors of mean 
difference from and total dry matter production between the two study sites showed 
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statistically different values at (P < 0.05) almost for all cereals and pulses except for millet 
(Tables 6). 
 
Higher mean value records were observed in terms of crop residues dry matter production in 
Farming system of Teff / haricot bean / livestock for commodities of, millet, potato and 
haricot bean and therefore there is significant difference (P< 0.05) in the production of dry 
matter crop residue yields of these crops between the two study sites where it is more for this 
farming system. In a similar manner, Pepper / Wheat / livestock producing farming system 
produced more amounts of dry matter crop residues for maize, wheat, pepper, sorghum and 
barley where it was significantly different between the two farming systems (P < 0.05)(Tables 
6 and 7 ). 
 
The major uses of crop residues in the Woreda is of course as a feed value but considerable 
households surveyed alternatively use crop residues for fuel, roof shatter, fences and any of 
their combinations as the need arises and this puts maximum pressure on the dry matter yield 
obtained from crop residues besides of failure to collect, store, treat and conserve it properly. 
Crop residue as fuel source is one which highly competes more since the practice is a daily 
consumption and an alternative way has to be found to minimize this competition through 
awareness creation of the farmers. 
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Table 6.  Significance differences of crop residues dry matter yield in the two farmings 
 
 
 
* Means are significant at P < 0.05 
 
 
 
 
 
 
Crop types F Sig. t df Sig. (2-tailed) Mean 
Difference 
Std. Error 
Difference 
Maize 29.775 0.000* -2.387 112 0.019 -1.26 0.52
      -2.240 65.1 0.029 -1.26 0.56
Sorghum 14.021 0.000* -3.346 112 0.001 -0.29 0.08
      -3.201 78.4 0.002 -0.29 0.09
Teff 3.774 0.055ns 2.934 112 0.004 0.36 0.12
      3.119 85.6 0.002 0.36 0.11
Wheat 46.326 0.000* -7.789 112 0.000 -1.16 0.14
      -7.194 55.7 0.000 -1.16 0.16
Barley 132.290 0.000* -5.804 112 0.000 -.16 0.02
      -5.322 52.0 0.000 -.16 0.02
Potato 12.373 0.001* 1.870 106 0.064 1.6 0.84
      2.015 57.2 0.049 1.6 0.78
Pepper 7.150 0.009* -1.157 111 0.250 -.647 0.55
      -1.082 58.5 0.284 -.647 0.59
Haricot 19.728 0.000* 2.837 112 0.005 0.206 0.07
      3.070 69.37 0.003 0.206 0.06
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Table 7. Mean values of crop residues dry matter yield in the two farming systems 
                                                            
 Crop species  Farming 
systems 
N Mean Std. Deviation Std. Error Mean 
Maize  1 62 2.42 1.543 0.195 
  2 52 3.68 3.790 0.525 
Sorghum   1 62 0.31 0.331 0.042 
  2 52 0.60 0.574 0.079 
Teff   1 62 0.62 0.829 0.105 
  2 52 0.26 0.354 0.049 
Wheat  1 62 0.14 0.265 0.033 
  2 52 1.30 1.133 0.157 
Millet 1 62 0.29 0.332 0.042 
  2 52 0.21 0.229 0.031 
Barley  1 62 0.00 0.023 0.003 
  2 52 0.16 0.214 0.029 
Potato  1 58 1.63 5.961 0.782 
  2 50 0.05 0.208 0.029 
Pepper  1 61 0.62 1.224 0.156 
  2 52 1.27 4.164 0.577 
Haricot   1 62 0.27 0.513 0.065 
  2 52 0.07 0.123  
 
     
The results of the dry matter of crop residues fitted model estimated the change that would be 
obtained because of one unit changes of the covariates of total cropped land in hectare, 
number of oxen holding and amounts of fertilizers in quintals used by each household and the 
effect over the dry matter yield from crop residues is given for all crop residues produced per 
household of a given farmer as influenced by the covariates. Area of cropped land of the 
household had significant linear effect on the crop residues dry matter yield of the household 
at P (0.0001) with the model (Appendix 14). 
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Figure 8. Farmers threshing Teff harvest and ways of maize stover piles in one of the 
Teff/Haricot farming system at Besheno. 
 
Millet crop residue is the most preferred followed by teff, sosrghum, maize, barley and wheat 
is the least wanted by animals and given only when farmers run highly short of feeds because 
of different repurcusions on the physiological performance and emaciation results to animals. 
The total respondents of 48.9% and other respondents of which are 37.2% advocate millet and 
teff as feeds for livestock and only 1.1% of the total respondents give preference to wheat 
crop residues unless there is feed shortage (Fig. 8).  
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4.2.5. Dry matter of aftermath 
 
Following the crop harvest in November aftermath grazing provides plenty of feeds for 
livestock in Alaba where it takes them upto the small rain through March, a periods of three to 
four months. 
 
Linear relationship existed between areas of land cultivated and the dry matter of households 
produced from aftermath except when the difference comes due to difference in production 
rate of the crops and height of harvest index. The surveyed data was however, dealt on the 
basis of crops yield of each household for which there exists a good index between crops 
produced and crop residues yield. Crop residue cut hieght was more or less similar to those 
found by (Seyoum and Zinash, 1991) except for few households. Accordingly results of 
values of 1.17+ 0.08, 1.56+ 0.11 in farming system I and II and an overall value of 1.34+ 0.71 
were found in the Woreda in tonnes per household. Farmers in the Woreda use aftermath 
grazing as one means to sustain their livestock for duration of about 4 - 5 months starting 
from November until almost the second short rains cultivation. Therefore, stubble grazing is 
one of the ways by which livestock keepers in the small holders greatly depend on and the 
majority of the maize stover of greater than 50% is not collected to be stored for mitigation of 
dry period feed shortages. This was because farmers claimed that they had long years of 
experiences in that if all the stover’s are collected for storage in the cottage the time spent by 
their livestock to graze in the after math will be shorter hence cow dung drop on the aftermath 
will not be there resulting in infertility of the soil due to no manure and the subsequent yield 
of crops will lessen gradually. Therefore it is the convictions of the farmers to leave the 
Stover’s for stubble grazing and decay as compost on their field. This is where one can 
measure the level of intensity in the interaction of crop-livestock systems but clearly reduces 
the feed value of crop residues especially that of maize, which is produced by more than 50% 
of the total crop residues in the Woreda. Alternative measurement techniques to use manures 
from livestock by collection to spread into the farm plots and the use of crop residues 
aftermath for harvest to use as feed for livestock should be strategized as copping mechanisms 
of dry period.  
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The following variables were found to have a significant linear effect over the dependent 
variable dry matter yield obtained from aftermath. The P-value (the minimum level of 
significance is presented in bracket with the corresponding variable. For this GLM model 
coefficient of variation (CV = 0.99) and the coefficient of determination (R2 = 0.999) obtained 
indicates that the fitted model is very stable and has captured over 99% of  the variation on 
the values of dependent variable this means only below 1 % is left for noise. Results of 
analyisis of the model estimates for aftermath of the household showed household cropped 
land size (<0.0001), Area of land the household covered by maize (<0.0017), sorghum 
(<0.0001) and millet (<0.008). This clearly showed that majority of the crop stubbles used as 
feed for livestock for more than four months were obtained from the above major crops 
(Appendux 15) and (Appendix 15). The rest of the crops had insignificant effect on the dry 
matter obtained from aftermath of the households. The main justification that could be given 
for these insignificant values are two the uneven distribution of these crop commodities 
through out the Woreda because of the fact that they are farming system specific instances are 
crops like Wheat, Teff, Pepper and some crops like fenugreek and lentil are rarely sawn by 
each farm household. 
 
The fitted GLM model can be written as: Total dry matter yield obtained from aftermath of 
the household =0.0026 + 0.499 Household cropped land size total -0.012 Area of land of the 
household covered by maize + 0 .038 Area of land the of household covered by sorghum 
+0.026 Area of land of the household covered by millet used as covariates (Appendix 15). 
The sign for the estimated coefficient of maize is negative and this is an indication that maize 
has an inverse relation on the dry mater yield obtained from aftermath but as the sign for the 
estimated coefficient of household cropped land size, area of land covered by sorghum and 
millet is positive it is an indication for this parameters to have a positive effect over the 
dependent variable dry mater yield obtained from aftermath (Appendix 15).  
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4.2.6. Dry matter from other lands 
 
Other lands include lands occupied for cash crop chat and totally erosion degraded lands 
because there is high erosion hazard in the Woreda attributed to high detachability of the soil 
(IPMS, 2005) and more than ten peasant associations are under this threat. One important 
observation was that there is a great effort going on by the Woreda MoAORD and the kedida 
gamela Woreda to rehabilitate these areas by plantation. Quantification of yields from these 
plots of bare lands could not be possible in this case. 
 
4.2.7. Indigenous browse  
 
To date, there have not been any comprehensive study of vegetation specifically in Alaba 
even though much has been done in the Rift Valley and its escarping; However, both farming 
systems of the Woreda which differ predominantly by altitude, temperature, crop type and 
livestock species are dominated by vegetations that consist of diverse mixtures of perennial 
and annual woody and herbaceous species. Shifts in species composition in response to heavy 
crop cultivation, population pressure, grazing and erosion hazard, have been thoroughly 
noticed. The common woody genera include plants such as Croton macrostachys, different 
species of Acacia of which the predominant one’s are Acacia senegal, Acacia seyal, Acacia 
nilotica, Acacia tortilis,  Cordia african, Olea europaea, Eucalyptus species, Erytriana 
brucei, Euphorbia trucalli, Justicia scimperiann, Ficus sur ,Moringa stenoptalla, Vernonia 
amygdalina ,Melia azandirachta, Catha edulis, Leucaena leucocephala, Sesbania sesban as 
per the sample specimens of leaves, flower and seeds based identification made in the Alage 
ATVET natural resource department’s herbarium and according to useful trees and shrubs for 
Ethiopia (Azene et al.,1993) in farming system I  and additional tree species are Ballanite 
aegyptica, Ziziphus mauritiana, Azandirachta indica, Euphorbia abyssinica ,Scinus molle 
,Grewa villosa ,Oppuntia species and various tree plants common to the midlands are 
abundantly available in farming system II part of Alaba.  
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Five species of Acacia trees which are Acacia seyal, Acacia senegal, Acacia totilis, Acacia 
nilotica, Acacia abyssinica and other browsable fodder trees like Balanites aegyptica, Cordia 
africana, Ficus thonningii, Leucanea leucocephala, Moringa stenoptala, Olea europaea, 
Sesbania sesban, Vernonia amyigdalina were taken in the measurement of their trunk 
diameter.  
 
It was assessed that on average 1.14, 1.15  and 1.14 tonnes of dry matter potential yields are 
produced in the two farming system and the Woreda respectively. Nevertheless, very few 
farmers climb up forage trees to lop down and give it to their livestock except when they face 
critical problems (Figure 9). A strategic technology that can enable the farmer efficiently 
utilize these feed resources is sought in a way it can maintain the natural resource base. 
Interestingly, enough, the dry matter content portion of indigenous browse produced in both 
study sites was not found to be significantly different. This is an indicator for the even 
distribution of fodder trees; however, shrubs are the major sources of feeds for farmers in 
farming system of Pepper /haricot bean /livestock. Registration numbers of trees, seed pod, 
leaf and thorns collected and identified clearly showed which forage trees are incorporated in 
this study. 
 
Fodder trees and herbaceous legumes offer an opportunity for use as potential feed 
supplements by smallholder farmers in the tropics due to their high CP content and 
degradability (Melaku et al.,2003) as well as for the possibility of incorporating them in the 
general farming activity. 
 
Shrubs are receiving increasing attention as potential livestock forage and valuable re-
vegetation species on disturbed lands, especially in arid regions. Management and integration 
of shrubs require considerably more information than is presently available. Acacia 
cynophylla Lindl. (Syn.A.Saligna), Atriplex nummularia L. and Opuntia Ficus-indica 
Var.inermis (Spineless cactus) are present in large areas of arid and semi-arid Tunisia and are 
generally considered to be valuable fodder reserve during drought periods.  
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The nutritive characteristics of these shrub species have been studied in many ILRI’s 
Laboratory. The nutritive value of acacia foliage is low, although its crude protein is fairly 
high. Condensed tannins, which form insoluble complexes with proteins, were proved to be 
the major factor reducing the feed value of acacia. While air-drying failed to improve the 
nutritive value of the acacia foliage, satisfactory results were obtained with the use of 
polyethylene glycol (PEG). This reagent has strong affinity for acacia tannins and dissociates 
tannin-protein complexes to make acacia proteins available to rumen micro flora and the 
animal host (Gintzburger et al., 2000).  
 
These plant species are potentially available in Alaba and need to be incorporated in the total 
feed resources of of animals after critical evaluation with appropriate use in the long run. 
These actually needs further future scope study. 
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Figure 9. Diversified potential of indigenous trees of Alaba. Cordia, Acacia and Olea.  
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4.2.8. Non -conventional feed resources (NCFR) 
 
These include feeds like residues of local drinks coffee, areke, tela chat left over called 
geraba, fruits and vegetables reject. Their share in the total dry matter of the Woreda is of due 
consideration but needs a clear system of the dry matter percentages of each residues. In our 
case, the degrees by which local residues are produced are quite rare except for chat where 
every household uses at least once in two days. Either chat is obtained from farmyard or it is 
bought for household consumption to give the left over for goats and other animals. It was not 
possible to get a clear data of household chat consumption in this case but one can assume this 
will increase the total yield.   
 
4.2.9. Mineral or salt lick 
 
A naturally obtained rift valley salt lick is abundantly available since the Woreda is found 
escarping with the rift and average annual use in tonne of household’s salt lick was found to 
be 0.04+ 0.02 with a local name of bole. Farmers in pepper / wheat /livestock have better 
access of this salt lick to get naturally from ground and this showed a significant difference in 
the use of this salt lick between the two study sites. Therefore, considering this availability of 
salt lick as an opportunity better strategy can be designed for ration formulation. The 
proportions of farmers using mineral or salt lick as animal feed resources in the Woreda is 
higher where 72.3% of the total respondents use as sources of feeds for their animals and only 
25% of the total respondents did not use these as feeds for their animals and the remaining 2.7 
% respondents do not have the access to it.  
 
Nutritionally, study in Sodo previously showed that two mineral-rich soils, locally known as 
Bole and Megadua are used as mineral supplement for ruminants and equines, respectively. 
These soils are rich in sodium but low in phosphorous and hence attempts should be made to 
correct phosphrous levels of these feeds when they are used as dry-season supplements to 
diets based on crop residues and dry pastures (Adugna, 1992). 
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4.3. Livestock Feed balance  
 
According to the analysis of the surveyed results data farmers in Farming system I need 
nearly 1,196.2 t DM/yr where as the actual production is only 524.67 t /DM/yr (Fig. 10) 
which is only 43.8% of what is required and able to support the existing stocks only for 5.4 
months while in Farming system II a total of 1,370.3 t DM/yr is required for the surveyed 
livestock against the actual yield of 679.53 t /DM/yr which is 49.5% of the sites requirement 
and able to support the total livestock for only six months. In general 3,178 t /DM/yr is 
required against the actual production per annum of 1,224.6 that is only 38.5% and supporting 
the total Woreda animals for only five months (Fig.11). 
 
Analysis of secondary data of latest land use system and crop production for crop residues in 
terms of dry matter obtained in the Woreda compared with TLU density showed quite a 
totally different ratio of  DM/TLU of 5.35 value. This ratio showed higher dry matter yield in 
the Woreda compared with the actual survey results which confirms with the previous 
hypothesis of the proposal that roughage is abundantly available. However, at this point it is 
quite difficult to accept and declare this because of the fact that secondary data may be 
unreliable in both the crop as well as the livestock number of the study areas. The availability 
of dry matter and tropical livestock units’ ratio for Wolayita district which is adjacent to 
Alaba is computed to be 1.37 and 1.24 for the year 1982/83 and 1983/84 respectively 
(Adugna, 1992) and this value is quite comparable with the survey results of this study 1.09. 
This variation of higher values in Wolayita may be attributed to high degree in the use of 
multi purpose trees, efficient land use and sytems of farming difference.  
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Figure 10. Total dry matter yields of the Woreda and the two farming systems. 
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Figure 11. Dry matter requirement against yield in Alaba (Feed Balance based on survey 
data). 
 
4.4. Seasonality of Feed availability  
 
Under nutrition of tropical ruminants is a major area of study. Animals are undernourished 
because of fluctuating supply of nutrients, insufficient intake of available feeds or from 
inherent deficiencies in the available feeds.  
 
In this relation, however, in the study areas, where more than 65% of the feed resources are 
obtained from crop residues that are harvested once the influence of season will be of little. 
But its influence is on qualities and quantities of grasses and the indigenous browses. 
 
Because of high competition of grazing land with cultivation, the interaction between land 
and livestock is high in smallholder farming. Seasons are two in Alaba the main crop season 
Meher4 which extends from July through September where long cycle crops are grown. Here 
                                                 
4 ‘Meher’ is main rainy season of Ethiopians in June or July. 
 
 
  
  
61
most of the annual crops of above 80% are grown and where as the second season is belg5 a 
period of only short cycle crops predominantly grown. Most farmers consider Alaba as area of 
only one cropping season because of the fact that second rain is unreliable to even short cycle 
crops. However, it surely contributes to feed availability of grazing lands and some crop 
residues. Almost all crops are harvested in November or December.  
 
Availability of feeds depends on the season of the year when lands are covered with either 
Meher or Belg season crops. Major Belg season crops including maize, sorghum, haricot bean, 
finger millet and pepper and these are available on lands from around March/April to harvest 
time in November/December. Teff, wheat and haricot bean are major Meher crops planted in 
July and harvested around November/December. The duration extending from planting of 
major Belg and Meher crops until their harvest makes major challenge to the availability of 
livestock feeds. After harvest of Belg crops (December/January) livestock graze the crop 
stubbles for few months and then the Meher crops take over from July to part of December.  
 
During these extended times when land is covered with crops, grazing on communal, private, 
road and river sides constitute major livestock feed. Livestock on average graze for about 
eight hours a day roam freely, either tethered or herded. Cut-and-carry or grazing/browsing of 
local grasses and browses are also major feed source for livestock from crops planting to 
harvest. Tillers, fillers and weeds from crop fields make substantial part of livestock feeding. 
After harvest, crop residues (straws and fresh tops and thinning of stovers) and crop stubble 
are the major feeds for livestock. Apart from this, only 9.6% of the respondents do produce by 
irrigation wihch are crammed in one peasant association, and most of what are produced are 
vegetables and fruits like banana and the rate of their contribution to livestock feed is 
minimal. 
 
The severity of feed unavailability is more in wheat / pepper /livestock farming system 
because of the lengthening of the dry Period (Figure 12). So far, there has not been any camel 
ownership record in Alaba but tremendous camels caravan get in and out the Woreda on the 
                                                                                                                                                        
 
5 Belg’ is Ethiopians small rainy season in March or April. 
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northern which is farming system two by the kereyus6’. This migratory entrance of flocks of 
camels clearly shows the difference of systems of farming in the two study areas and one can 
speculate the pressure this puts on the communal grazing lands of the farmers by causing 
fluctuations of the tropical livestock units of the Woreda.  
 
4.5. Utilization Efficiency of Feed Resources 
 
Total production of dry matter in the Woreda based on the surveyed households data was near 
to 1,224.6 t DM per annum and the greatest proportion was obtained from crop residues 
followed by grazing lands. Utilization efficiency had great problems when it comes to crop 
residues because of less attention given to storage and crop residues are excessively dumped 
during harvest period in addition to competition of alternative uses of crop residues. Indeed, 
some farmers had a great concern to store the crop residues in a separate cottage constructed 
merely for storages of crop residues or on the roof in their cottages. Such farmers are 
observed to efficiently utilize these feed resources which they give to their animals bunch by 
bunch or some even soak with water to improve palatability and digestibility, still few others 
lop down browses like Cordia, Ficus and Acacia to give to their animals with these crop 
residues and this is what is called efficient utilization of locally available feed resources and is 
worth appreciation to be favoured to be practiced by farmers. Farmers have to even develop 
not only storage and minor quality improvements but also have to reach a level where they 
can formulate their own ration from mixes of crop residues, indigenous browse and a salty rift 
valley soil abundantly available in the near by since crop residues and stubble constitute the 
major feed for the area. This actually needs a consistent research forward in the long term but 
it is the way out to feed scarcity along with planting of fodder trees that can conserve the soil 
and the natural resources. Grazing lands are overgrazed during the time when crops are 
planted from April to December and indigenous browses are rarely lopped down for animals 
as feeds. Therefore, on top of shortages of feeds for livestock utilization problem contributes 
to more than 20% loss in the study areas.  
 
                                                 
6 Kereyus are Oromo clans of the central Ethiopian plateu who have immense cattle and camel. 
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It has been proved that livestock feed resources are obtained in the Woreda from grazing 
lands, after math, crop residues, indigenous browse, fallow land, forest and wood and from 
naturally available salt lick called ‘bole’ at the rate of 1.29, 1.35, 6.92, 1.14, 0.077, 0.0285 and 
0.037 t DM per household respectively. Proportions and shares of the feed resources from all-
possible sources in the Woreda showed that a total of dry matter of 8.5 t/hh/yr is produced for 
a total TLU of about 8.13 in teff haricot bean and 10.65 t DM/hh/yr for 10.107 TLU for 
Pepper / wheat /livestock. This value is comparable with over all annual crop reside 
availability of 9.01 tonnes per household in Sinana (Solomon, 2004) and 9.35 tonnes per 
household in the highlands of Arsi (Abdinasir, 2000). This means the ratio of dry matter to 
livestock units is 1.045 and 1.054, respectively in the two farming systems where as this ratio 
is 1.09 for the overall Woreda. This ratio is quite low and clearly shows the gap that exists 
between feed balance and livestock number at any rate and it is incomparable with many of 
other results. This value is comparable with Kossila (1983a) crop residue to TLU ratio of 0.55 
for Ethiopia at a TLU equivalence of 500kg in this kossila also categorizes Ethiopia under 
countries of limited residues because residue production goes with the number of grain eaters 
and always keeps on increasing. Nevertheless, the fact is not only this ratio is small but still 
from these cumulative feed resources there are still feeds that are not at all utilized and still 
there are feeds for which other domestic consumptions of the households compete for. Good 
instances are indigenous browse and crop residues. 
 
What matters is not the production in this regard rather it is the proper utilization of these 
resources by small holders’ livestock that is quite pressing and a point ponder able to the 
forage-Agronomist, natural resource conservationist (botanist), economist and the extension 
worker. Indeed, not only the utilization of these feed resources that seek the combined effort 
of these expertises, but also the quantification of these feed resources itself. It is to mean that 
the botanist can identify the vegetations of feed values to the animals; the conservationist 
devises wise utilization of these feeds in the echo-system and the economist forwards 
economization of the feed resources. In this regard, the value of crop residues as animal feed 
becomes more important because of the long dry season of about 6 months with no green 
fodder. There is, however, an abundant supply of crop residues; particularly cereal straw 
during this period because the dry season normally coincides with the harvesting time of 
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cereal crops in addition to the 64% dry matter production being from crop residues at Woreda 
overall and 72% in the two farming systems. This is computed for about nine major 
commodities of crops where maize, teff and potato take the greatest proportion in teff / haricot 
bean /livestock producing system where as maize, wheat and pepper in 
pepper/wheat/livestock production system.  
 
Now it was proved that indigenous browses quantified in the Woreda may exceed those 
quantities quantified per household in this research because the consideration of this feed 
resource took into account browses explicitly found within the farm households’ possession 
vicinity but there are a lot in the forests, inaccessible landsv and ast range lands.  
 
Among total 114 respondents, crop residues are alternatively used for fuel by 71% of the 
households, roof shatter by 9.5%, fences by 8.5% and a combination of all the three by 10% 
of the surveyed households.   
 
Global changes in consumption of livestock products, for example, increased beef 
consumption in China, could reduce grain availability in Africa (Delgado et al. 1998). 
Livestock systems, therefore, will have to change if the production targets are to be met in 
sustainable way. This can be achieved by the efficient use of existing feed resources and 
identifying new feed resources. If livestock development is to contribute to poverty reduction 
it must result in cheaper and/or more available food for the poor, increased employment and 
enhanced livestock productivity (Holden 1998). Qureshi (1996) noted that it is the duty of 
research and development agencies to develop and deliver the required technologies so that 
animal production remains the fastest growing agricultural sector. 
 
Efficient utilization of feed resources also has to take into account the combined knowledge 
packages of storages, preservation, processing and improvement in feed quality and the 
results of the survey in this regard showed that quite less than 20% of the farm households 
possess storage houses for storing the crop residues of their farm left over for use during dry 
period. In fact, these crop residues are not recommended as major feeds for livestock in 
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animal nutrition because they are low in nutritive values; however, the effort of this research 
is to make use of them in the existing interaction between the crop and livestock.  
 
Crop residues have certain inherent disadvantages in that nutritionally they have low 
digestibility and are deficient in nitrogen and in many mineral elements, they are physically 
resistant to comminution and may contain high amounts of indigestible lignin and silica. Low 
digestibility associated with low nitrogen content of the feed limits intake and animals on 
these diets are often in negative energy and nitrogen balance. It is therefore, essential that 
these deficiencies are corrected when crop residues are used as feeds. 
 
As pointed out by Greenhalgh (1980), despite the theoretical simplicity of supplementing 
straw with nitrogen and minerals, feeding systems based on straw supplemented with feed 
blocks or small amounts of concentrate have not proved quite satisfactory. The most recent 
innovation is the development of gelled molasses/nutrient blocks with urea. Apart from 
supplementation, many new technologies have been developed to increase the efficiency of 
utilization of crop residues and by-products of agriculture (Jackson 1977; Ibrahim 1981). The 
most applicable way of improving the ME value of a roughage is by chemical treatment. 
 
If livestock productivity is to keep pace with demand, the imperative is to enhance 
productivity per animal and reduce wastage. For developing countries as a whole, the 
difference between projected demand growth and recent productivity growth, termed the 
demand productivity growth gap, is positive for all products. It is largest for poultry and beef, 
then for pork and then milk. The gap is in part caused by the failure to get innovative 
technologies adopted, and this needs to be improved, especially with regard to promoting 
environmentally favourable technologies that will make smallholders competitive. Ineffective 
delivery and adoption of available and prospective technologies has been identified as a 
severe constraint to improving livestock productivity. The reasons for poor past performance 
need to be identified and innovative delivery pathways developed to overcome theses 
constraints (ILRI, 2000). 
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4.5.1. Storage houses 
 
The feed value of crop residues could be greatly improved if they were cut soon after harvest 
and stored. Cutting and storing will minimize wastage from grazing and if done soon after 
harvest, will retain relatively good quality feed for livestock. Cereal residues would provide 
mainly energy (TDN) and if mixed with available forage legumes and haulms (which supply 
protein), the nutritive value of the crop residues would greatly be improved. One of the 
utilization efficiency of feed resources is storage house. Not storing properly the feed during 
ample production for use during dry period, especially crop residues which are produced in 
great proportion was not found to be an adopted technology (Figure 12) and based on 
theoretical survey and practical observation a conclusion was reached that this may reduce 
efficiency of utilization of dry matter yield of crop residues of a given household by 25% and 
to this is added alternative uses of crop residues whcich 20% according to zinash and seyom 
bringing down the total crop residues utilization of the Woreda to 40.56% of the total crop 
residues yield and 25.87% of the total feed resources produced (Table 8). 
 
 
 
Figure 12. Teff straw in the store and uncollected Wheat straw at Besheno (Farming system I). 
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4.5.2. Feed quality improvement 
 
There are different techniques by which the quality of a feed could be improved to cite some 
of these physical treatment from a simple soaking with water, chopping, grinding and 
pelleting upto the high chemical treatment, especially the latter improves the nutritive value of 
crop residues by 30% there by removing the hard cover of plant cellulose. In this case, crop 
residues are not exposed to such treatments in the survey areas. Most of the time a feed 
coping mechanism of like this is the intervations recommeneded in cereal based high crop 
residue areas like that of Alaba. There is no doubt that the effect of sodium hydroxide on 
digestibility and intake of roughage. In general, digestibility increases between 10-20% can be 
expected with intake increases of 30-50% (Beckman, 1921). 
 
Preferences of livestock on the demand of feed values on different crops are also found to be 
different. Teff straw is the second most preferred livestock feed next to millet hence forth 
some quality improvement techniques are better applied on it by farmers where this was 
significantly treated than any other crop residues in the Woreda. This finding is in contrast 
with about 81.7% preference for barley and wheat second in Sinana Dinsho (Solomon, 2004). 
This may be due to high unavailability of teff in Sinana and the contribution of Bale high land 
agro-ecology on wheat crop residues. 
 
The results of analysis of efficency utilization of feed resources model showed that there is 
entirely significant difference in efficiency between farmers using store and those not using, 
thus crop residues produced in higher proportion has to be stored and used properly to 
mitigate the feed shortage process. This value is uniquely different especially for maize crop 
residues, which are produced in more than 50% of the total crop. How ever, variation was not 
well obsereved amongst households in other efficiency parameters like uses of systems of 
grazing, feeding calendar. 
 
This is because the techniques by which the different households use in trying to efficiently 
utilize the feed resources for almost the available feed resources starting from collection, 
storage, preservation and improving the feed quality. It therefore, worths to employ all the 
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techniques by which efficiecnt utilization of feed resources could be achieved. This is to use 
proper system of grazing on the grazing land along with proper time of feeding calendar for 
animals especially, early in the morning and late at dusk when the animals’ physisological 
performance is at its peak stage. The reason is this not only benefits the animal but also 
hastens carbon-4 photosynthesis for the perpetuation of the grasses. In addition to this proper 
storage of crop residues, upgrading the quality of the feed including chemical treatment 
maximizes the efficiency of utilization.  
 
Therefore, this model is fitted to represent efficient utilization of feed resources in the 
smallhoder systems where grazing lands and crop residues are the main feeds for livestock 
and has to be recommended for use by farmers (Appendix 16.1). 
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Table 8.Theoretical efficiency of utilization of livestock feed resources 
  
Feed 
resources 
Amount and 
percent 
produced per 
household 
Effici
ency  
probl
em 
 
N (%) 
Users 
 n1 (%) 
Non users 
n2 (%) 
Percent feed utilization 
 Amou
nt t/hh 
%  114 
(100%) 
   
Grazing land 1.29 11.89 1 114 (100%) 29 (25.5) 85 (74.5) 1.   3.03x1+8.85x0.7 = 77.54%x11.89= 9.21% 
Aftermath 1.35 12.45 1 114 (100%) All  2.Perfect                   =  100%x12.45.0=12.45% 
Crop 
residues 
Total 
6.92 63.8  114 (100%) 21 (18.4) 93 (81.6)         1.27x1+5.64x0.75 =  100%x63.8=63.8 
Crop 
residues 
minus 20% 
alternative 
use 
  6.92  
-
1.384
= 
5.536 
63.8 
 
51.05 
6 114 (100%) All   
                   Uses almost 20%x63.8=  =51.05 
Crop 
residues 
6.92 63.8 2  114 (100%)  All  Not improved and remains as it is 
Crop 
residues 
utilized 
6.92 63.8 3 114 (100%) 21 (18.4) 93 (81.6) 3.1.27x1+5.64x0.75 =79.47%x51.05=40.56% 
Indi. browse 1.14 10.5 4 114 (100%)  All All do not use    =    0%x10.500 = 0.00% 
Fallow land 0.077 0.71 1 114 (100%) All  4.   Perfect               =100%x0.071  = 0.71% 
Forest-Wood 0.0285 0.26 1 & 4 114 (100%)   5.Only 50% is used  =0.5%x0.26       = 0.13% 
Bole 0.037 0.34 5 114 (100%) All  6.                                =100%x0.034   =  0.34% 
Total 10.842 100     7. Percent total feed utilization           =63.4% 
Descriptions 
1= grazing system and theoretical %ages of reduction that not using causes between any two time intervals is 30% 
2= quality improvement: grinding, pelleting, treatment & etc improves utilization rate by 30%. 
3= Storage houses: Not using causes 25% reduction 
4= No usage at all has a value of 0% 
5= No problem 
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4.6. Forage Development 
 
There are many different ways of forage development techniques to be adopted to cope up 
feed scarcity periods by small holder farmers even though the extent of these techniques 
usage by farmers of our country is quite minimal. It was proved that there are five forage 
demonstration sites established decades before in Alaba with the objective of disseminating 
seeds and technology to the farmers. The sites are at arsho, chambula, bedene, alem tena and 
galeto’s producing varities like Chloris gayana, Panicum coloratum, Panicum maximum, 
Sorgum sudanese, Vetiver zizanioides (Andrpogon zizanioides) Pennisetum purpurem from 
grasses and Lablab purpreus, Desomodium intortum, Desmodium uncinatum, Vicia faba, 
Medicago sativa and many other leguminosae including trees like Leucanea leucocephala. In 
the natural grazing lands of the farm household Cynodon dactylon, Digitaria decumbuns, 
Panicum antidotale and different eragrostises dominate the swards. Cenchrus ciliaris 
Hypereniya rufa in pure stand excluded from stock for roof shatter and Arundo donax on river 
edges are also predominantly found even though their use is not for livestock.      
 
In spite of the availabilities of these all demonstration sites in a single Woreda to this degree 
the extent of farmers using this inputs is under threat.  
 
The rate of improved forage adoption in the two study sites is significantly different at (P 
<0.05) by being greater for farming system of Teff/haricotbean/livestock production due to the 
fact that almost all demonstration sites of forage development are found in this farming 
system and there are also better farmers with better concept on forage value and extensions. 
Some farmers around alem tena peasant associations do under crop and plant grasses using 
irrigation and 93.6% of the farm households have the conviction that usage of improved 
forages can mitigate the existing feed shortage (Figure 13). 
 
Total surveyed statistical qualitative data analysis showed that less than almost 15 % of the 
farmers ever used forage development techniques before and those farmers using are just on 
the adjacent of sites where these demonstrations sites are found  (Fig. 14).                               
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Figure 13. Alfalfa grown by a farmer owning crossbred dairy cow and various forages in 
demonstration sites at Alem Tena (One of the study sites) 
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Reasons why forage and fodder development is 
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Figure 14. Reasons why forage and fodder development is not practiced. 
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One important point to underline here is there is indeed shortages of lands within the farm 
households but greater than 63.8% of the surveyed households did not use improved forages 
either because they are not told or there is limitation of introduction through awareness. 
Clearly 83% of the farm households’ respondents did not use improved feeds for their 
livestock. Quite considerable number of households of (8.5%) of the respondents and (9.6%) 
did not use forage crops due to shortages of land and seeds, repectively while households 
which are 31.9% and another  households of also 31.9% could not use due to lack of 
awareness and no effort made to introduce these technologies. Still another 14.9% of the 
respondents were previously accessed for forage and fodder development eventough they did 
not experience the development. 
  
The major constraints of forages voiced in Soddo were lack of knowlegde, seed and shortages 
of land, lack of knowlegde and difficulties of obtaining seeds may be overcome by extension 
and seed distribution. The shortage of land is likely to become increasingly serious as the 
poopulation continous to grow. There will need to be an intensification of agricultural 
production to overcome the problems of land shortages; this intensification is likely to require 
forages and farmers will therefore need to be encouraged to plant forages, despite the current 
shortages of land. Although these forages will take up some land, they more than compensate 
by raising overall farm productivity or have to be incorporated within crops (Simon, 2000).  
 
Despite the apparent potential of forage technologies, adoption by farmers has often been 
poor. Often the problem is not lack of supply of new technologies but the poor uptake of 
existing technologies (McIntire et al., 1992). 
 
Lack of knowlegde of forages often resulting from pooor extension, may act as a constraint to 
adoption (Adugna et al., 1992). 
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4.7. Water Sources 
 
There are about four rivers, many local ponds, numerous hand dug wells and one big swampy 
area called ‘boyo’ swamp around the border of hadiya zones of shashogo and damboya 
Woredas’. But the greatest source of water for Alaba is the Bilate River a dependable 
perennial river of the Woreda where majority of the households rely on for livestock 
production. Other rivers like dijo are also main stay of animals’ water but because they are 
seasonal farmers will be compelled to look for water during dry period. Apart from these 
locally dug ponds and hand dug wells are good sources of water for alaba Woreda human and 
livestock (Fig 15). Percent water sources showed that 85% river, 8.5% local pond, 3.2% 
natural pond, 1.1% other sources and 1.1% both types of ponds of which 66 % of the 
surveyed households claim shortages of water and farness of water sources from their vicinity 
where as 34% do have access to water point throughout the year. This value is incomparable 
with findings of the Woreda water shortage of 53.3% (Tsedeke, 2007). The problem of water 
shortage is 17%, for humans, 4.3% livestock, and 45.7% claim equal existences of water 
shortage for humans and livestock. Therefore, statistic is significantly different (P<0.05) for 
main sources of water for livestock and water shortages in the two study areas. Problems of 
water shortages are highly dictated by seasonality where it becomes more pronounced during 
dry period. During this period, farmers will be obliged to travel distances of a day and 
normally watering frequency decreases. Shortages of water supplemented with poor quality 
roughages undermine physiological performances of the animals, reduction in productions, 
anestrous and ultimately ends in emaciation. Therefore, both fertility and fecundity of the 
animals will be affected. During this period some farmers bordering in the western part of 
Hadiya zone reported that seasonal migration of livestock to the near by swampy areas was 
used to be practiced as one major solution because most of them have relatives at “boyo7”  a 
swampy place to herd their livestock during dry period. 
 
 
 
                                                 
7 ‘Boyo’ name of a marshy place in hadiya zone of shashogo Woreda. 
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Figure 15. The two great water sources of the study areas Rivers and Ponds. 
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5. SUMMARY AND CONCLUSION 
 
One of the greatest livestock development constraints in sub-Saharan Africa is not the 
creation of breeds that can give high yields of productivity; it is rather the optimum 
utilisations of the potentials of the existing genome which have high adaptive traits to the 
sub-Saharan agro-ecology by improving efficient utilizations of locally available resources 
as feeds. In this case, Ethiopia is not an exception and has to go through the same steps 
stated above. One can confidently speak that the greatest livestock constraints in Ethiopia 
is that of feed shortage especially during dry period which causes tremendous losses to 
livestock productivity. These feeds are not only short in total production obtained and 
deficient in their nutrient content compared with the total tropical livestock unit of an 
existing area but are not also utilized to the optimum efficiency. Feed as an independent 
variable determining productivity contributes to nearly 65 % of the phenotypic expressions 
of the animals’ performance and the same percent of running costs in pen feeding. 
 
Therefore, the productivity challenge in sub-Saharan Africa of livestock and in the 
smallholders of Ethiopia has to be launched to resolve this area of the constraint where 
greatest feed resources are contributed by grazing lands, crop residues and stubbles. In the 
land congested areas like Alaba where the proportions of grazing land is highly 
diminishing and rate of cultivation is taking over grazing lands, major feed resources are 
obtained from crop residues. Improvement of the poor quality roughage feeds that do not 
meet the requirements of these livestock with available innovated technologies and use of 
alternative feeds available should be an area of intervention and it is in this motive that 
quantifications of feed resources is sought to suggest better mechanisms. In this regard, it 
was noticed that potential indigenous browse not yet incorporated in the livestock feed 
system and other naturally and locally available resources like natural salt called bole are 
well recognized to be abundantly potential feeds. It has been found by the survey that the 
Woreda is one of the highest livestock population areas where feed availability is less than 
one-third per se of tropical livestock unit and the efficiency of utilization is less than 65% 
of what is normally available.  
 
Total TLU in the Woreda was found to be 9.87 per household as per the survey result and 
the roughage yields are 9.46 t DM per household with the existing high off take rates of 
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livestock especially from the ruminants which is much less than the animals requirement 
and falsifies the hypothesis that roughage is abundantly available but is not utilized as a 
foundation of this research paper. So these feeds can no longer support the existing 
livestock unless possible interventions is made by rehabilitating the ecology with forage 
trees that can potentially utilize the erosion degraded marginal lands of the Woreda and 
developing a ration formulation strategy that can utilize the locally available feed 
resources of the Woreda. This of course, requires an additional focus of researchers to 
contribute to the practicability of these interventions so that it can become an input to the 
decision making bodies to be channelled to the grass root farming community through the 
appropriate bodies. 
 
What most surprises is also the rates of adoptions of forage species which is much below 
expected and the reasons are shortages of seeds, lands and lack of awareness by the 
farmers in spite of the deep-rooted interest of the farmers to use these technologies by 
complementing with the crop system since the strategies designed to develop forages have 
multiple roles for the farmers by correcting the soil PH, fixing Nitrogen and conserving 
the soil. Therefore, the use of shrubs and trees is of a timely action for such an overstocked 
grazing land like that of Alaba. The great opportunities existing in Alaba include 
availability of diversified forage trees, salty soil called bole, good market outlet of 
livestock that can encourage the farmer to be initiated and due to these facts it was 
observed in Alaba that there exist even forage markets of different types in kulito town. 
 
The integration of crop-animal production is well developed in the smallholder mixed-
farming system of rain fed areas because of the fact that there are marked 
complementarities in resource use between the two systems, with inputs from one sector 
being supplied to others. Such examples are reflected using animal power and manure for 
crop production and crop residues as feeds. Livestock also provide a least cost labour-
efficient route to intensification through their role in nutrient recycling and keeping 
animals on the farm provides a use of other resources such as crop residues, which might 
be wasted in the absence of animals. 
 
 
 
 
  
  
78
6. FUTURE RESEARCH SCOPE 
 
Modelling of the crop and livestock systems in the smallholders is important because of 
interactions of the two upon a fixed, limited and always diminishing per capita land 
holding. This is a point of interest and due focus if animal agriculture has to contribute to 
poverty eradication. Researches in the sphere of optimizing utilizations of locally available 
animal feed materials by formulating a ration of equitable nutrient to the animals demand, 
that is to say unutilized indigenous browse, crop residues, bole and ingredients like 
molasses can be formulated in the recommended proportion to benefit the livestock with 
proper feeds to make them productive. 
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7. RECOMMENDATIONS 
 
In the smallholder systems, farmers have to be equipped with the skills of innovative 
knowleges that can make them improve the management and storages of crop residues and 
proper supplementations with forage legumes, interventions in the improvements of 
pastures and fodders, over-sowing pastures with forage legumes, using Multi-Purpose 
trees and establishing fodder banks. Locally available tree feeds and the use of tree forages 
on the marginalized and eroded lands of the study areas as fodder bank in addition to 
integration of nitrogen fixing herbaceous legumes within the crop systems during the 
recommended time is the only to be optioned as part of interventions and adoptions of 
research knowledge results in feed quality improvement consistently and persistently by 
concerned institutions could be a development perspective. This can make the livestock 
sector to contribute to poverty erradication and encourage the farmers through income for 
better initiation in the sector. This could be undertaken by governmental or non-
governmental organizations having the objective to intervene in development sectors as 
either a single component of development project or as a package. The springboard of the 
project concept could be this view and project appraisal bodies should work in 
collaboration with research concerned institutions. All these views are a good tool to the 
decision-making body any time and at any level and could be reformatted in an achievable 
manner. Indeed, reliable statistically updated data for the formulation of this ground is 
imperative with timely Monitoring and Evaluation. 
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9. APPENDICES 
 
Appendix 1. Seasonal calendar of Livestock feed resources and cropping. 
 
Seasonal Calendars Feed sources 
Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 
Feeding calendar             
Communal grazing  ? ? ?     ? ? ? ? ? 
Road sides grazing ? ? ?    ? ? ? ? ? ? 
Grazing crop stubble    ? ? ? ? ? ?     
River side grazing ? ? ?     ? ? ? ? ? 
Private grazing  ? ? ?     ? ? ? ? ? 
Cut-and-carry  ? ? ?     ? ? ? ? ? 
Crop residues  ? ?   ? ? ? ? ? ? ? ? 
Local browses ? ? ? ? ? ? ? ? ? ? ? ? 
Improved forages          ? ? ? 
Roots and tubers          ? ? ? 
Weeds ? ?        ? ? ? 
Tillers and fillers ? ?        ? ? ? 
Cropping calendar             
Maize*   H H    P P    
Sorghum*   H H    P P    
Teff?   H H       P  
Wheat?   H H       P  
Finger millet*   H H    P P    
Pepper*   H H     P P   
Haricot bean*        P    H  
Haricot bean?  H H        P  
?: Months feedstuffs available; H: Harvesting time; P: Planting time; *Belg (short rain) season crops; ?Meher (main rain) season crops  
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Appendix 2. Census (CACC, 2003) livestock population data for Alaba and its adjacent 
Woredas and zone of SNNRS. 
 
 
Species 
 
Alaba Special 
Woreda 
Kedida Gamela 
Woreda (Kambata 
Tambaro Zone) 
Badawacho 
Woreda 
(Hadiya Zone) 
 
Silti 
Zone 
Cattle 161,566 73,960 121,421 87,399 
Sheep 34,760 18,394 16,261 24,008 
Goats 43,141 11,173 27,214 27,279 
Horses 2,583 1,194 - 3,533 
Asses 27,661 6,234 10,151 8,231 
Mules 2,346 660 - 495 
Poultry 221,342 110,992 181,601 104,242 
Beehives 14,690 4,264 11,275 3,832 
 
 
Appendix 3 .Conversion equivalents of sub-Saharan Africa livestock into TLU (Gryseels; 
1988; ILCA, 1990; FAO, 2002) and Land use dry matter (FAO, 1987). 
Appendix 3.1 TLU conversion 
 
 
Appendix 3.2 Land dry matter yield conversion 
 
Land use                                         DM yield (t/ha/yr) 
 
Natural Pasture 2.0 
 
Agtermath 0.5 
 
Fallow land                                     1.5 
 
Forest                                              0.7 
 
Wood, bush land and shrub           1.2 
 
 
 
 Species TLU 
Oxen/bull 1.1 
Local cow 0.8 
Heifers 0.5 
Immature males 0.6 
Calves 0.2 
Sheep/goats 0.1 
Horses/mules 0.8 
Donkeys 0.5 
Chicken 0.01 
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Appendix 4. Lists of surveyed kebeles and farming systems in Alaba special Woreda 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 S.N PA NAME Farming System 
1.  Alem tena Teff/Haricot bean/ Livestock 
2.  Besheno Teff/Haricot bean/ Livestock 
3.  Guba sherero Teff/Haricot bean/ Livestock 
4.  Hajo huluko Pepper/Livestock  
5.  Hantezo Pepper/Livestock  
6.  Layignaw bedene Pepper/Livestock  
7.  Mito dubela Pepper/Livestock  
8.  Wanja weldiya Teff/Haricot bean/ Livestock 
9.  Wishiamo Teff/Haricot bean/ Livestock 
10.  Woteta feten Pepper/Livestock  
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Appendix 5.Household Indigenous browse survey result with their Registration numbers 
 
A.No  
 
 
 
 
Species name 1 A.No 2 Species name 2 A.No3 Species name 3 A.No4 Species name 4 
A.No  
1 
Species name 1 A.No 2 Species name 2 A.No3 Species name 3 A.No4 Species name 4 
1.1 Cordia Africana 2.1 Cordia Africana 3.1 Euphorbia trucalli 4.1 Euphorbia trucalli 
1.2 Cordia Africana 2.2 Acacia seyal 3.2 Acacia seyal 4.2 Acacia albida 
1.3 sesbania sesban 2.3 sesbania sesban  3.3 Cordia Africana 4.3 Euphorbia trucalli 
1.4 Lucenia Leucoceohala 2.4 Acacia seyal 3.4 Cordia Africana 4.4 Euphorbia trucalli 
1.5 Lucenia Leucoceohala 2.5 sesbania sesban  3.5 Cordia Africana 4.5 Olea europaea 
1.6 Vernonia amygdalina 2.6 Vernonia amygdalina 3.6 Acacia albida 4.6 Cordia Africana 
1.7 Acacia albida 2.7 Euphorbia trucalli 3.7 Acacia tortilis 4.7 Olea europaea 
1.8 Olea europaea 2.8 Balanites aegyptica 3.8 Vernonia amygdalina 4.8 Acacia senegal 
1.9 Olea europaea 2.9 Acacia seyal 3.9 Cordia Africana 4.9 Euphorbia trucalli 
1.10 Cordia Africana 2.10 sesbania sesban  3.10 Acacia tortilis 4.10 Euphorbia trucalli 
1.11 Cordia Africana 2.11 Cordia Africana 3.11 Acacia tortilis 4.11 Euphorbia trucalli 
1.12 Cordia Africana 2.12 Cordia Africana 3.12 Cordia Africana 4.12 Cordia Africana 
1.13 Cordia Africana 2.13 Cordia Africana 3.13 Olea europaea 4.13 Lucenia Leucocephala 
1.14 Olea europaea 2.14 Cordia Africana 3.14 Euphorbia trucalli 4.14 Euphorbia trucalli 
1.15 Cordia Africana 2.15 Cordia Africana 3.15 na 4.15 na 
1.16 Vernonia amygdalina 2.16 Acacia abyssinica 3.16 Euphorbia trucalli 4.16 na 
1.17 Cordia Africana 2.17 Acacia tortilis 3.17 na 4.17 na 
1.18 sesbania sesban 2.18 Acacia senegal 3.18 Cordia Africana 4.18 Cordia Africana 
1.19 Lucenia Leucoceohala 2.19 sesbania sesban  3.19 Lucenia Leucocephala 4.19 Lucenia Leucocephala 
1.20 na 2.20 na 3.20 Euphorbia trucalli 4.20 Euphorbia trucalli 
1.21 Acacia senegal 2.21 na 3.21 Euphorbia trucalli 4.21 Euphorbia trucalli 
1.22 Acacia seyal 2.22 Acacia nilotica 3.22 Euphorbia trucalli 4.22 Euphorbia trucalli  
1.23 na 2.23 na 3.23 na 4.23 na 
1.24 Acaia abysinica 2.24 Cordia Africana 3.24 Euphorbia trucalli 4.24 Vernonia amygdalina 
1.25 Cordia Africana 2.25 Cordia Africana 3.25 na 4.25 na 
1.26 Cordia Africana 2.26 Cordia Africana 3.26 na 4.26 na 
1.27 Moringa stenoptalla 2.27 na 3.27 Vernonia amygdalina 4.27 na 
1.28 Euphorbia trucalli 2.28 na 3.28 na 4.28 na 
1.29 Moringa stenoptalla 2.29 Acacia seyal 3.29 Cordia Africana 4.29   
1.30 Euphorbia trucalli 2.30 Moringa stenoptala 3.30 na 4.30 na 
1.31 Olea europaea 2.31 Cordia Africana 3.31 na 4.31 na 
1.32 Wanza/Cordia Africana 2.32 Vernonia amygdalina 3.32 Cordia Africana 4.32 Euphorbia trucalli 
1.33 Euphorbia trucalli 2.33 na 3.33 na 4.33 na 
1.34 Cordia Africana 2.34 Cordia Africana 3.34 Euphorbia trucalli 4.34 na 
1.35 Balanites aegyptica 2.35 Balanites aegyptica 3.35 Leucanea Leucocephala 4.35 Euphorbia trucalli 
1.36 Balanites aegyptica 2.36 Acacia seyal 3.36 Euphorbia trucalli 4.36 Acacia seyal 
1.37 Cordia Africana 2.37 Euphorbia trucalli 3.37 kurkura 4.37 Acacia seyal 
1.38 Balanites aegyptica 2.38 Acacia seyal 3.38 Euphorbia trucalli 4.38 Euphorbia trucalli 
1.39 Acacia senegal 2.39 Acacia nilotica 3.39 Balanites aegyptica 4.39 Euphorbia trucalli 
1.40 Balanites aegyptica 2.40 Balanites aegyptica 3.40 Acacia senegal 4.40 Euphorbia trucalli 
1.41 Cordia Africana 2.41 Cordia Africana 3.41 na 4.41 Euphorbia trucalli 
1.42 Acacia nilotica 2.42 Acacia abyssinica 3.42 Euphorbia trucalli 4.42 Vernonia amygdalina 
1.43 Acacia nilotica 2.43 Cordia Africana 3.43 Euphorbia trucalli 4.43 Euphorbia trucalli 
1.44 sesbania sesban 2.44 sesbania sesban  3.44 Leucanea Leucocephala 4.44 Leucanea Leucocephal 
1.45 Cordia Africana 2.45 Cordia Africana 3.45 sesbania sesban  4.45 sesbania sesban  
1.46 Cordia Africana 2.46 Acacia senegal 3.46 Acacia albida 4.46 Melia Azandratcha 
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N:B,na = Data not available 
 
 
1.47 Cordia Africana 2.47 Cordia Africana 3.47 Euphorbia trucalli 4.47 na 
1.48 Cordia Africana 2.48 Acacia tortilis 3.48 Acacia abyssinica 4.48 Acacia seyal 
1.49 Cordia Africana 2.49 Cordia Africana 3.49 Euphorbia trucalli 4.49 Acacia tortilis 
1.50 Cordia Africana 2.50 Acacia seyal 3.50 Acacia seyal 4.50 Acacia albida 
1.51 Cordia Africana 2.51 Cordia Africana 3.51 Acacia tortilis 4.51 na 
1.53 Acacia abyssinica 2.53 Cordia Africana 3.53 Euphorbia trucalli 4.53 Euphorbia trucalli 
1.54 Cordia Africana 2.54 Acacia senegal 3.54 Euphorbia trucalli 4.54 Euphorbia trucalli 
 
1.55 
Cordia Africana 2.55 Acacia albida  Euphorbia trucalli 4.55 Euphorbia trucalli 
1.56 Cordia Africana 2.56 Cordia Africana 3.56 Euphorbia trucalli 4.56 Euphorbia trucalli 
1.57 Euphorbia trucalli 2.57 Euphorbia trucalli 3.57 Acacia senegal 4.57 Acacia nilotica 
1.58 Cordia Africana 2.58 Cordia Africana 3.58 Euphorbia trucalli 4.58 na 
1.59  2.59  3.59  4.59  
1.60 Cordia Africana 2nd phase 2.60 na 3.60 na 4.60 na 
1.61 Cordia Africana  2.61 na 3.61 na 4.61 na 
1.62 Cordia Africana  2.62 na 3.62 na 4.62 na 
1.63 na 2.63 na 3.63 na 4.63 na 
1.64 Cordia Africana  2.64 na 3.64 na 4.64 na 
1.65 Cordia Africana  2.65 Cordia Africana 3.65 na 4.65 na 
1.66 Acacia albida 2.66 na 3.66 na 4.66 na 
1.67 Cordia Africana  2.67 Cordia Africana 3.67 na 4.67 na 
1.68 Cordia Africana  2.68 Cordia Africana 3.68 na 4.68 na 
1.69 Acacia niltotica 2.69 na 3.69 na 4.69 na 
1.70 Cordia Africana  2.70 na 3.70 na 4.70 na 
1.71 Cordia Africana  2.71 na 3.71 na 4.71 na 
1.72 Acacia tortilis 2.72 na 3.72 na 4.72 na 
1.73 Euphorbia trucalli 2.73 na 3.73 na 4.73 na 
1.74 Euphorbia trucalli 2.74 na 3.74 na 4.74 na 
1.75 na 2.75 na 3.75 na 4.75 na 
1.76 na 2.76 na 3.76 na 4.76 na 
1.77 Acacia abyssinica 2.77 na 3.77 na 4.77 na 
1.78 na 2.78 na 3.78 na 4.78 na 
1.79 Acacia seyal 2.79 na 3.79 na 4.79 na 
1.80 na 2.80 na 3.80 na 4.80 na 
1.81 Acacia albida 2.81 Acacia senegal 3.81 na 4.81 na 
1.82 Cordia Africana  2.82 Cordia Africana 3.82 Cordia Africana 4.82 na 
1.83 Acacia seyal 2.83 na 3.83 na 4.83 na 
1.85 Cordia Africana  2.85 na    3.85 na 4.85 na 
1.86 Cordia Africana  2.86 Acacia senegal    3.86 na 4.86 na 
1.87 Cordia Africana  2.87 Cordia Africana    3.87 na 4.87 na 
1.88 Olea Africana 2.88 Cordia Africana    3.88 Vernoniya amygdalina 4.88 Olea Africana 
1.89 Melia Azandratcha 2.89 na    3.89 na 4.89 na 
1.90 Cordia Africana  2.90 Acacia senegal    3.90 Euphorbia trucalli 4.90 na 
1.91 Acacia seyal 2.91 Cordia Africana    3.91 Euphorbia trucalli 4.91 Balanitis aegyptica 
1.92 
 
Melia Azandratcha 2.92 Melia Azandratca    3.92 Olea Europaea 4.92 CordiaAfricana 
1.93 na 2.93 na 
 
  3.93 na 4.93 na 
1.94 Melia Azandratcha 2.94 Melia Azandratca 3.94 na 4.94 CordiaAfricana 
1.95 Cordia Africana  2.95 Acacia tortilis   3.95 Melia Azandratcha 4.95 Sesbaniya sesban 
1.96 Cordia Africana  2.96 Acacia abyssinica   3.96 na 4.96 na 
1.97 Melia Azandratcha 2.97 Cordia Africana   3.97 na 4.97 na 
1.98 Cordia Africana  2.98 Cordia Africana   3.98 na 4.98 na 
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Appendix  6.SSA Feeds data base results 
“SSA Feeds” is a database and specialized software to provide information on the nutritive value of livestock feeds used in Sub-
Saharan Africa. Currently it includes data of 14,571 samples of 459 livestock feeds from 14 Countries Ethiopia inclusive. 
1. Food crops 
1.1 Cereals  
 
Name of the 
crop 
Samples test     
(N) 
DM 
minimum 
DM conversion 
factor 
DM 
maximum 
Organic 
matter 
Crude  
protein 
Plant part Maturity
Teff 395 90.26 1.5 95.22 92.7 4.13 Aerial 
 
Mature 
Barley 69 89.84 1.5 94.79 90.73 3.06 Aerial 
 
Mature 
Wheat 574 89.85 1.5 95.41 88.02 4.56 Aerial 
 
Mature 
Maize 114 91.23 2 93.98 98.86 3.69 Aerial 
,leaf & 
stem 
Mature 
Sorghum 16 90.06 2.5 92.22 91.91 3.75 Aerial 
 
Mature 
Finger millet 16 61.46  92.08 89.11 4.88 Aerial 
 
Mature 
 
1.2 Pulses  
 
Name of the 
crop 
Samples test 
(N) 
DM 
minimum 
DM conversion 
factor 
DM 
maximum 
Organic 
matter 
Crude 
protein 
Plant 
part 
Maturity
Haricot bean 6 90.73 1.2 93.9 68.48 14.63 Aerial
 
Mature 
Lentils 10 90.96 1.2 92.72 92.78 8.19 Aerial
 
Mature 
Fenugreek 5 91.11 1.2 92.76 89.85 8.75 Aerial
 
Mature 
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1.3 Oil seeds 
 
Name of the 
crop 
Samples test 
(N) 
DM 
minimum 
DM conversion 
factor 
DM 
maximum 
Organic 
matter 
Crude protein Plant 
part 
Maturity
Lin seed 7 91.98 1.2 92.81 95.09 5.81 Stem Mature 
 
 
1.4 Vegetables 
 
Name of the 
crop 
Samples test 
(N) 
DM 
minimum 
DM conversion 
factor 
DM 
maximum 
Organic 
matter 
Crude protein Plant 
part 
Maturity
Pepper         
 
1.5 Root crops 
 
Name of the 
crop 
Samples test 
(N) 
DM 
minimum 
DM conversion 
factor 
DM 
maximum 
Organic 
matter 
Crude protein Plant 
part 
Maturity
Potato 3 90.13 0.3 90.47 85.25 18.5 Aerial Mature 
 
2. Fodder trees and shrubs 
 
Name of the 
tree/shrub 
Samples 
test (N) 
DM 
minimum 
DM mean DM 
maximum 
Organic 
matter 
Crude 
protein 
Plant part Maturity 
Acacia abyssinica 3 92.49  93.8 91.52 20.25 Leaf/petiole Mature 
Acacia nilotica         
Acacia senegal 4 91.37  93.09 41.05 25.31 Leaf/petiole Mature 
Acacia seyal 14 86.6  93.57 89.39 17.94 Leaf/petiole Mature 
Acacia tortilis         
Balanites  
aegyptica 
15 87.25  96.31 92.26 23.31 Leaf/petiole Mature 
Cordia africana 1 92.81   83.87 23.75 Leaf/petiole Mature 
Euphorbia 
trucalli 
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Ficu thonings 1 94.04   93.12 11.13 Leaf/petiole Mature 
Leucanea 
leucocephala 
140 87.27  96.13 91.14 24.63 Leaf/petiole Mature 
Olea europaea 1 94.02   91.96 10.75 Leaf/petiole Mature 
Sesbania sesban 14 87.98  97.07 89.04 29.44 Leaf/petiole Flowering
Vernonia 
amygdalina 
1 91.98   85.75 6.31 Leaf/petiole Mature 
         
 
Source: (SSA Feeds, 2006) 
 
Appendix 7. Significance differences of Ages, Literacy and Family size between the two farming systems 
                                                                            
 
Variables F Sig. t df Sig. (2-tailed) Mean 
Difference 
Std. Error 
Difference 
Age of the household 
leader 
 
0.204 0.652ns 2.10 112 0.037 5.24 2.48
Literacy status of  
household leaders 
 
2.033 0.157ns 0.463 112 0.644 0.08 0.19
Family size of the 
household 
1.553 0.215ns -1.20 112 0.232 -1.04 0.86
 
ns Values are non significant at P >0.05
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Appendix 8. Household land holding size of the Woreda 
 
 
 Variables N Range Minimu. Maximu. Mean                 S.E 
Household land holdings in hectare 114 5.24 0.65 5.89 2.5548 0.08680  
Household land holdings in hectare FSI 62 3.12 .65 3.77 2.2915 0.09670
Household land holdings in hectare FSII 52 3.10 .78 3.88 2.9647 0.09592
  
N: B FSI=farming system I and FSII= farming system II 
 
 
Appendix 9. Significant differences of household land size between the two farming systems 
 
 
 Variables F Sig. t df Sig. (2-tailed) Mean Difference Std. Error 
Difference 
Household land 
 holdings in hectare 
3.441 0.066ns -3.470 112 0.001 -.57723 0.16634
    -3.386 93.31 0.001 -.57723 0.17047
 
nsP > 0.05 
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Appendix 10. Significance differences of Land use systems (ha) of the households  
                                    
 
Land use types F Sig. t df       Sig. 
 (2-tailed) 
Mean 
Difference
Std. Error 
Difference 
Area of cropped land 
of the household 
0.043 0.836ns -2.118 112 0.036 -.3002 0.1417
     -2.107 106.10 0.037 -.3002 0.1425
Area of private 
grazing land of the  
5.529 0.020* -2.885 112 0.005 -.1995 0.0691
     -2.776 82.70 0.007 -.1995 0.0718
Area under 
communal grazing  
14.700 0.000* -2.316 112 0.022 -.0435 0.0188
     -2.154 59.53 0.035 -.0435 0.0202
Area under road size 
grazing  
0.038 0.846 ns -.043 112 0.966 -.0002 0.0051
     -.041 77.03 0.967 -.0002 0.0054
Area of forest and 
wood land  
0.005 0.946 ns -.008 112 0.993 -.0001 0.0162
     -.008 93.28 0.994 -.0001 0.0166
Area of fallow land 22.553 0.000* -2.258 112 0.026 -.0582 0.0257
     -2.084 55.47 0.042 -.0582 0.0279
 
* Means are significantly different at P <0.05 
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Appendix 11. Significance differences of dry matter yield of communal grazing lands 
between the two farming systems 
 
Land use types F Sig. t df Sig. (2-tailed) Mean 
Difference
Std. Error 
Difference 
                
Dry matter of the 
household obtained 
from communal 
grazing land 
17.42 0.000* -2.33 112 0.021 -0.08 0.037
    -2.16 57.909 0.034 -0.08 0.040
 
Dry matter yield of 
the private grazing 
land of the household 
total in tonnes 
15.90 0.000* -3.08 112 0.003 -0.64 0.209
    -2.93 74.654 0.004 -0.64 0.219
  
* Means are significant at P < 0.05 
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Appendix 12. Significance differences of Indigenous browse dry matter yield in the two 
farming systems 
                      
  
 Dry matter yields F Sig. t df Sig. (2-tailed) Mean 
Difference
Std. Error 
Difference 
dry matter yield of 
indigenous browse 
number one in 
tonnes 
7.840 .006ns 1.087 111 0.279 0.163 0.150
     1.173 78.86 0.244 0.163 0.139
dry matter yield of 
indigenous browse 
number two in 
tonnes 
.221 .640ns -.759 111 0.449 -0.071 0.093
     -.753 103.17 0.453 -0.071 0.094
dry matter yield of 
indigenous browse 
number three in 
tonnes 
.263 .609ns -.735 111 0.464 -0.060 0.081
     -.737 107.89 0.463 -0.060 0.081
dry matter yield of 
indigenous browse 
number four in 
tonnes 
.482 .489ns -.707 110 0.481 -0.045 0.064
     -.700 101.03 .486 -.0453 .0647
ns= non significant 
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Appendix 13. Model fitness and significant ANOVA results of dry matter of grazing lands 
and covariates grazing lands in hectare and different tropical livestock units. 
 
                                          The SAS System           
                                        The GLM Procedure 
 
                                     Class Level Information 
 
                                  Class         Levels    Values 
 
                                  fsname             2    1 2 
 
 
                                  Number of observations    114 
                                        The GLM Procedure 
 
Dependent Variable: Dmyiegrland 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr >F 
 
       Model                       31     106.2406789       3.4271187       6.15   <.0001 
 
       Error                       82      45.6651843       0.5568925 
 
       Corrected Total            113     151.9058632 
 
 
                     R-Square     Coeff Var      Root MSE    Dmyiegrland Mean 
 
                     0.699385      61.32696      0.746252            1.216842 
 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr >F 
 
       fsname                       1     11.10819815     11.10819815      19.95   <.0001 
       apgrland                     1     79.59782054     79.59782054     142.93   <.0001 
       NomcITLU                     1      0.85955344      0.85955344       1.54   0.2176 
       NofcaITLU                    1      0.20590585      0.20590585       0.37   0.5448 
       noheiefrITLU                 1      0.12846203      0.12846203       0.23   0.6323 
       nosteerITLU                  1      0.00027924      0.00027924       0.00   0.9822 
       nooxenITLU                   1      0.00386871      0.00386871       0.01   0.9338 
       nomamcatITLU                 1      0.42687030      0.42687030       0.77   0.3839 
       nomafcatITLU                 1      0.33033878      0.33033878       0.59   0.4434 
       nodcowsITLU                  1      0.40818180      0.40818180       0.73   0.3944 
       noslambITLU                  1      0.36680627      0.36680627       0.66   0.4194 
       nosmyounITLU                 1      0.14427092      0.14427092       0.26   0.6121 
       nosfyounITLU                 1      0.05475405      0.05475405       0.10   0.7547 
       nodoesITLU                   1      0.13625652      0.13625652       0.24   0.6222 
       nomatsheITLU                 1      0.20969516      0.20969516       0.38   0.5412 
       nokgoatsITLU                 1      1.52065710      1.52065710       2.73   0.1023 
       noyfgoatITLU                 1      0.08931552      0.08931552       0.16   0.6898 
       noymgoatITLU                 1      0.11532645      0.11532645       0.21   0.6503 
       nomfgoatITLU                 1      2.91539708      2.91539708       5.24   0.0247 
       nommgoatITLU                 1      0.58274659      0.58274659       1.05   0.3093 
       noyhorseITLU                 1      0.05381326      0.05381326       0.10   0.7567 
       nohocalfITLU                 1      0.00726338      0.00726338       0.01   0.9094 
       nomhorseITLU                 1      2.06468782      2.06468782       3.71   0.0576 
       noydonkeITLU                 1      0.41031316      0.41031316       0.74   0.3932 
       nodoncalITLU                 1      0.02358561      0.02358561       0.04   0.8375 
       nommadoITLU                  1      0.02580485      0.02580485       0.05   0.8301 
       nomfedoITLU                  1      3.79463854      3.79463854       6.81   0.0108 
       noymuleITLU                  1      0.37627863      0.37627863       0.68   0.4135 
       nocmuleITLU                  1      0.12199604      0.12199604       0.22   0.6410 
       nomatmmuITLU                 1      0.08772799      0.08772799       0.16   0.6925 
       nomatfmuITLU                 1      0.06986508      0.06986508       0.13   0.7241 
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             Parameter              Estimate       Standard Error    t Value    Pr > |t| 
 
             Intercept           0.526655639 B      0.19701667       2.67      0.0091 
             fsname       1     -0.340370786 B      0.17392130      -1.96      0.0537 
             fsname       2      0.000000000 B       .                .         . 
             apgrland            1.963953427        0.24671425       7.96      <.0001 
             NomcITLU            0.045882053        0.10272266       0.45      0.6563 
             NofcaITLU           0.015361796        0.15964372       0.10      0.9236 
             noheiefrITLU       -0.060156774        0.11470508      -0.52      0.6014 
             nosteerITLU         0.076101993        0.11031156       0.69      0.4922 
             nooxenITLU          0.005501183        0.09042756       0.06      0.9516 
             nomamcatITLU       -0.040391073        0.24852980      -0.16      0.8713 
             nomafcatITLU       -0.397319149        0.43735966      -0.91      0.3663                      
             nodcowsITLU         0.148455683        0.08327780       1.78      0.0783 
             noslambITLU        -0.591043507        1.07137016      -0.55      0.5827 
             nosmyounITLU        0.613446767        1.31149485       0.47      0.6412 
             nosfyounITLU        0.207959072        0.62578834       0.33      0.7405 
             nodoesITLU         -0.167844060        0.65941160      -0.25      0.7997 
             nomatsheITLU        2.753158261        2.80775596       0.98      0.3297 
             nokgoatsITLU       -0.275985924        0.90527207      -0.30      0.7612 
             noyfgoatITLU        0.594601594        1.00201409       0.59      0.5545 
             noymgoatITLU       -0.080078290        0.55493023      -0.14      0.8856 
             nomfgoatITLU       -0.451590890        0.29382092      -1.54      0.1282 
             nommgoatITLU       -0.524349452        2.38340782      -0.22      0.8264 
             noyhorseITLU       -0.306728426        0.43345974      -0.71      0.4812 
             nohocalfITLU       -0.614335717        1.09261198      -0.56      0.5755 
             nomhorseITLU        0.402290703        0.18240120       2.21      0.0302 
             noydonkeITLU       -0.666309419        0.73649552      -0.90      0.3683 
             nodoncalITLU       -0.303981502        0.45680296      -0.67      0.5076 
             nommadoITLU        -0.449597257        0.39462059      -1.14      0.2579 
             nomfedoITLU        -0.527213422        0.25388508      -2.08      0.0410 
             noymuleITLU        -0.930641600        0.93119043      -1.00      0.3205 
             nocmuleITLU         0.676924396        2.93693808       0.23      0.8183 
             nomatmmuITLU       -0.244815744        0.64652844      -0.38      0.7059 
             nomatfmuITLU        0.202037259        0.57040990       0.35      0.7241 
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The SAS System 
 
                      Plot of res*pred.  Legend: A = 1 obs, B = 2 obs, etc. 
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 Graph 1. Model fitness of grazing land dry matter of the household 
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The SAS System 
 
Plot of Dmyiegrland*apgrland.  Legend: A = 1 obs, B = 2 obs, etc. 
 
Dmyiegrland ‚ 
          6 ˆ 
            ‚ 
            ‚ 
            ‚ 
            ‚                                                                                 
B 
            ‚ 
            ‚ 
          5 ˆ 
            ‚ 
            ‚   B 
            ‚ 
            ‚ 
            ‚ 
            ‚ 
          4 ˆ 
            ‚ 
            ‚                                                    B 
            ‚                                                              B 
            ‚ 
            ‚ 
            ‚                          B 
          3 ˆ                                                              B 
            ‚ 
            ‚                   A                                B 
            ‚                                                    A 
            ‚                      A 
            ‚                               A 
            ‚                   A 
          2 ˆ                                A        AA 
            ‚ 
            ‚                                B 
            ‚                      E         C 
            ‚                      B         B 
            ‚                 A    A                   A 
            ‚                A     B 
          1 ˆ           CB        AJ 
            ‚ 
            ‚            C  B A 
            ‚       B    O A 
            ‚          A I 
            ‚   B   P 
            ‚     A 
          0 ˆ  A                   B 
            ‚ 
            
Šƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒ 
             0.00      0.25      0.50      0.75      1.00      1.25      1.50      1.75      
2.00 
 
                                                   apgrland 
                                          
 
 
Graph 2. Linear relationship between area of private grazing land and dry matter of grazing 
lands 
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The SAS System 
 
               Plot of Dmyiegrland*nodcowsITLU.  Legend: A = 1 obs, B = 2 obs, etc. 
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Graph 3. Linear relationship between dry matter of grazing land of the household and dairy 
cows holding 
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Appendix 14 .Model fitness and significant ANOVA results of dry matter of crop residues 
with areas of cropped lands, number of oxen holding and amount of fertilizer used taken as 
covariates in the two farminng systems. 
 
 
 
The SAS System 
 
                                        The GLM Procedure 
 
                                     Class Level Information 
 
                                  Class         Levels    Values 
 
                                  fsname             2    1 2 
 
 
                                  Number of observations    114 
                                   The GLM Procedure 
 
Dependent Variable: mdmyield 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr >F 
 
       Model                        3     378.3006339     126.1002113      25.48   <.0001 
 
       Error                      110     544.3747919       4.9488617 
 
       Corrected Total            113     922.6754258 
 
 
                      R-Square     Coeff Var      Root MSE    mdmyield Mean 
 
                      0.410004      74.10610      2.224604         3.001917 
 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr >F 
 
       acroland                     1     343.7557699     343.7557699      69.46   <.0001 
       nooxenITLU                   1      33.3832065      33.3832065       6.75   0.0107 
       Amofert                      1       1.1616575       1.1616575       0.23   0.6290 
 
 
        
 
                                                   Standard 
                Parameter          Estimate           Error    t Value    Pr > |t| 
 
                Intercept      -.3788062439      0.45066671      -0.84      0.4024 
                acroland       0.9874326578      0.17886736       5.52      <.0001 
                nooxenITLU     0.3493587432      0.17482946       2.00      0.0482 
                Amofert        0.2831571726      0.58444168       0.48      0.6290 
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The SAS System 
 
                                        The GLM Procedure 
 
Dependent Variable: sdmyield 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr >F 
 
       Model                        3      4.61888581      1.53962860       7.95   <.0001 
 
       Error                      110     21.31270295      0.19375184 
 
       Corrected Total            113     25.93158876 
 
 
                      R-Square     Coeff Var      Root MSE    sdmyield Mean 
 
                      0.178118      98.93520      0.440173         0.444910 
 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr >F 
 
       acroland                     1      4.59107807      4.59107807      23.70   <.0001 
       nooxenITLU                   1      0.00019364      0.00019364       0.00   0.9748 
       Amofert                      1      0.02761410      0.02761410       0.14   0.7065 
 
 
 
                                                   Standard 
                Parameter          Estimate           Error    t Value    Pr > |t| 
 
                Intercept      0.0646812155      0.08917143       0.73      0.4698 
                acroland       0.1391829073      0.03539170       3.93      0.0001 
                nooxenITLU     0.0075313703      0.03459273       0.22      0.8281 
                Amofert        -.0436570069      0.11564089      -0.38      0.7065 
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The SAS System 
                      Plot of res*pred.  Legend: A = 1 obs, B = 2 obs, etc. 
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Graph 4. Model fitness of dry matter crop residues and areas cultivated of the household  
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Appendix 15. Model fitness and significant ANOVA results of dry matter of aftermath with 
areas of cropped lands total and each crop area cultivated of the households taken as 
covariates in the two farminng systems. 
 
The SAS System                                                       
The GLM Procedure 
 
                                     Class Level Information 
 
                                  Class         Levels    Values 
 
                                  fsname             2    1 2 
 
 
                                  Number of observations    114 
                                          The SAS System                                                  
The GLM Procedure 
 
Dependent Variable: Dmoaftemath 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr >F 
 
       Model                       11     56.44524770      5.13138615    28361.1   <.0001 
 
       Error                      102      0.01845493      0.00018093 
 
       Corrected Total            113     56.46370263 
 
 
                     R-Square     Coeff Var      Root MSE    Dmoaftemath Mean 
 
                     0.999673      0.997346      0.013451            1.348684 
 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr >F 
 
       acroland                     1     56.43547084     56.43547084     311918   <.0001 
       maarea                       1      0.00415369      0.00415369      22.96   <.0001 
       soarea                       1      0.00341791      0.00341791      18.89   <.0001 
       tearea                       1      0.00000079      0.00000079       0.00   0.9475 
       wearea                       1      0.00022090      0.00022090       1.22   0.2718 
       miarea                       1      0.00129854      0.00129854       7.18   0.0086 
       barea                        1      0.00008817      0.00008817       0.49   0.4867 
       peparea                      1      0.00030570      0.00030570       1.69   0.1966 
       hbarea                       1      0.00001745      0.00001745       0.10   0.7568 
       potarea                      1      0.00014204      0.00014204       0.79   0.3777 
       letarea                      1      0.00013167      0.00013167       0.73   0.3956 
      
 
Dependent Variable: Dmoaftemath 
 
                                                   Standard 
               Parameter         Estimate             Error    t Value    Pr > |t| 
 
               Intercept     0.0026393407        0.00346177       0.76      0.4476 
               acroland      0.4996219106        0.00273651     182.58      <.0001 
               maarea        -.0109489424        0.00340489      -3.22      0.0017 
               soarea        0.0377369810        0.00882277       4.28      <.0001 
               tearea        -.0018806079        0.00407488      -0.46      0.6454 
               wearea        0.0035384636        0.00470335       0.75      0.4536 
               miarea        0.0257598980        0.00956562       2.69      0.0083 
               barea         0.0068875323        0.01407059       0.49      0.6255 
               peparea       -.0080078569        0.00724269      -1.11      0.2715 
               hbarea        -.0013203744        0.00645336      -0.20      0.8383 
               potarea       0.0046780239        0.00628766       0.74      0.4586 
               letarea       -.0194184862        0.02276285      -0.85      0.3956 
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                                          The SAS System           
 
                      Plot of res*pred.  Legend: A = 1 obs, B = 2 obs, etc. 
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 Graph 5. Model fitness of aftermath dry matter of the household  
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The SAS System 
 
                Plot of Dmoaftemath*acroland.  Legend: A = 1 obs, B = 2 obs, etc. 
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Graph 6. Linear relationship of dry matter of aftermath of the household and cropped land 
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Appendix 16 1. Model fitness and results of ANOVA of feed efficiency of utilizations 
 
                                               Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        8     117.4443185      14.6805398       2.69    0.0100 
 
      Error                      105     573.8447153       5.4651878 
 
      Corrected Total            113     691.2890337 
 
 
                      R-Square     Coeff Var      Root MSE    mdmyield Mean 
 
                      0.169892      99.34828      2.337774         2.353110 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      Feedquality                  1      0.00350038      0.00350038       0.00    0.9799 
      Whatsort                     4     49.01001057     12.25250264       2.24    0.0694 
      Gracalender                  1     29.20732527     29.20732527       5.34    0.0227 
      Howcalend                    1      2.52374396      2.52374396       0.46    0.4983 
      Store                        1     36.69973829     36.69973829       6.72    0.0109 
 
                                               Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        8      9.53359121      1.19169890       3.50    0.0013 
 
      Error                      105     35.77189229      0.34068469 
 
      Corrected Total            113     45.30548351 
 
 
                      R-Square     Coeff Var      Root MSE    tedmyiel Mean 
 
                      0.210429      152.6930      0.583682         0.382258 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      Feedquality                  1      6.29542080      6.29542080      18.48    <.0001 
      Whatsort                     4      2.52529091      0.63132273       1.85    0.1242 
      Gracalender                  1      0.19417467      0.19417467       0.57    0.4520 
      Howcalend                    1      0.00164830      0.00164830       0.00    0.9447 
      Store                        1      0.51705654      0.51705654       1.52    0.2207 
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Appendix 16 2. Questionnaire used to collect data on research thesis in Efficiency of 
Livestock Feed Resources Utilization and Forage Development in Alaba special Woreda.  
 
 PART I 
 
Section one: General information 
 
1. Date of the interview---------------------2006/07 
2. Region-------------------------------------- 
3. Zone or Woreda--------------------------- 
4. Location and land type------------------- 
5. PA’s name--------------------------------- 
6. House holders name---------------------- 
   Sex   M-----F------age---------years, encircle for the age 
7. Literacy status 1, Illiterate 2, read only 3, elementary 4, junior secondary 
5, secondary 6, above secondary, encircle for one for them 
 
Section two: Household characteristics 
 
1. Family size: 
            1.1 Children (≤  14 years) _____; Adult (15-64) years) _____ Dependent (≥ 65 years) 
- 
                  1.2 What is your main farming activity presently? Tick one 
                        Livestock production________ Crop production______ ( √) 
                        What is your farming activity before five years? 
                        Livestock production________ Crop production______ 
 
Section three Livestock production 
 
Annex-1, livestock holding by type, sex and age structure of the HH. 
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No at present 
 
No died last year 
 
No given as gift 
 
 
Type of animal 
 Male 
 
Female 
 
Male 
 
Female 
 
Male 
 
Female 
 
Cattle 
 
            
Calf 
 
            
Young 
 
            
-Mature 
 
            
-Oxen 
 
            
-Milking cow 
 
            
Sheep  
 
            
Lamb 
 
            
Young 
 
            
 Mature 
 
            
Goats 
 
            
Kids 
 
            
Young 
 
            
 Mature 
 
            
 
 
 116
Horses 
 
            
Young horse 
 
            
Calf 
 
            
 Mature 
 
            
Donkey 
 
            
Young donkey 
 
            
Calf 
 
            
 Mature 
 
            
Mule 
 
            
Young horse 
 
            
Calf 
 
            
 Mature 
 
            
Poultry 
 
            
Total 
 
            
Calf<1 yr.      
Kids or lamb<6 months Young cattle-3 yrs. Old   
Young sheep and goat =6 months-1yr.   
Mature cattle> 3 yrs. Mature sheep and goat >1yr.  
Equines follow the cattle age structure and chickens<3 months 
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Section four: Land use pattern 
 
 Land holding and land use pattern of the HH in “kert”or hectare. 
Teff/haricot bean/livestock 
 
Pepper/livestock 
 
 
Characteristics 
 Short rainy 
season  
 
Long rainy 
season  
Short rainy 
season  
Long rainy 
season  
Living quarter 
 
    
Cropped land 
 
    
    
    
    
Grazing land 
• Communal 
• Private 
     
Fallow land 
 
    
Forest & woodland 
 
    
Others 
 
    
Total 
 
    
N:B A hectare is four traditional land units called “kert” 
 
Section five: Use grazing land and trees/shrub 
 
Land type 
 
Unit Teff/haricot 
bean/livestock (FS-I) 
Pepper/livestock (FS-II) 
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Private grazing land 
 
 
“Kert” 
 
  
Communal grazing 
 
 
“Kert” 
 
  
Road side grazing 
 
 
“Kert” 
 
  
Fallow land  
“Kert” 
 
  
Grazing system 
• Continuous pasture 
grazing 
• Deferred grazing 
• Zero grazing 
   
             
1. Trees and shrubs planted by the farmer in the area or existing naturally used as forage feed 
to livestock. 
1.1. Do you have shrub or tree feed used by your animal? A. Yes B. No 
If yes is it planted by you or natural? A. Planted by me.  B. Existing naturally  
N.B: Enumerator measures the diameter of the shrub and the tree with its name locally or in 
Amharic.Take only two trees and two shrubs from each household. 
 
2. Trunk diameter of trees and shrubs of the HH 
S.No 
 
Name of the tree or shrub 
 
 Diameter size in cm 
 
1. A. 
B. 
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2. A. 
B. 
 
 
 
 
Section six: Crops and crop residues 
 
1. Production and utilization of crop residues for last year. 
        Crop residue use 
  
Crop 
Type 
 
Total 
area 
(Kert) 
 
Grain 
yield 
(Qu) 
 
Residu
e yield 
biomas
s 
(Qu) 
Resid
ue 
yield 
DM 
(Qu) 
Feed 
 
Fuel 
 
Constructi
on 
 
Sold 
 
     Wet 
 
Dry 
 
   
Maize 
 
         
Sorghum 
 
         
Teff 
 
         
Wheat 
 
         
Finger millet 
 
         
Barley 
 
         
Pepper 
 
         
Faba bean          
 
 
 120
 
Lin seed 
 
         
Fenu greek 
 
         
Potato 
 
         
Lentils 
 
         
Total 
 
         
 
If so which crop, how much do you allot for livestock.---------kgm 
2. Do you use fertilizer?  A Yes B. No 
If yes, for which crops? Name them with amount used. 
Crop name                                                 Amount used 
--------------                                               ---------------- 
3. What is the total amount of fertilizer used for all crops in one season? -------k.g 
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PART II 
 
Section one: Livestock production 
1. Did any animal die last year, if so what were the reasons for the death? 
Species died----------------------                   reasons for death ---------------------- 
                    ----------------------                                                 ---------------------- 
                    ----------------------                                                 ----------------------    
 
 
2. Do you have enough land for your livestock pasture growing (1) Yes (2) No 
3. If so, what many hectares is it ------------ha 
 
Section two: Feed resource and feeding  
     1. What is the livestock feed resource for your HH farming system? (√) Tick each. 
        A.  Grazing land---------------------------------- 
  B.  Crop residues--------------------------------- 
  C.  Improved forage and pasture--------------- 
  D.   Household left over, if so tell the type of the left over and name it--------- 
        E.  Tree legumes grown as hedge or any--- 
    2. What are the major feed resources in the area?  
        (Rank 1-6 in the order of importance). 
3 Feed resources 
 Natural 
pasture 
 
Crop 
residues 
 
Hay 
 
Fodder 
trees  
 
Stubble 
grazing 
 
Others 
 
Dry period 
 
      
Wet period 
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3.1 Grazing land 
A. Is there communal grazing land in your area? A. Yes B. No 
                  B. If yes, what is the status? A. Decreasing B. Increasing C. No change or others 
specify. 
C. What is the type of communal grazing land in the area? A. Open grassland 
B. Tree covered grass land C. Bush land grass land D. 
                  Swampy or any other specify. 
D.  Do you have private grazing land? 1. Yes 2. No 
If yes, what type?  
                A. Open grassland  
                B. Tree covered grassland  
                C. Bush land grassland 
                D. Swampy or any other specify.  
                E. Grazing pasture and fodder trees/shrubs 
                                  F. Is the grazing resource adequate to your animals? (1) Yes (2) No if so 
                What measures do you take to alleviate this problem? 
(1) Purchase concentrates 
(2) Purchase forage (rent grazing land) 
(3) Use crop residues 
(4) Preserve any feed during high abundance 
(5) Exclude areas from stock 
(6) Undergo destocking programme 
(7) Others (specify) 
3.2 Improved forage and pasture crops 
A. Do you plant improved forage pastures, legumes or trees? (1) Yes (2) NO 
If yes, which one do you most prefer?  
 (1) Over sowing of natural pasture of private and communal. 
 (2) Under sowing legumes under your monocot crop. 
 (3) Planting tree legumes as hedge and live fence.  
 (4) Planting in pure stand. 
B. Did you saw any forage crop last year or this year if so which way of the above  
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did you use? --------------------------. 
If you have sawn the forage, name the forage and in how many plots of ha? 
-----------------------Forage in --------ha 
-----------------------Forage in --------ha 
-----------------------Forage in --------ha 
C. Do you graze animals your improved pasture or feed by cut and carry? 
1. Grazing-----------------, or  
2. Cut and carry system---------------------, tick one of the two. 
D. If you do not plant improved pasture, what is it for? 
(1) Shortage of land 
(2) Shortage of forage seed 
(3) Unevenness of rainfall 
(4) I’m not aware about it 
5. No effort to introduce by any other org., if it were would you accept the introduction? 
(5) Not interested in it 
(6) Other (specify)------------ 
D. Would you consider beneficial introduction or sowing much of your farm by  
improved pasture? (1) Yes (2) No, if so why? 
1. Expecting high forage yield and quality for your animals. 
2. To control soil run off.  
3. To fertilize the soil.  
If not, why not?  
1. Because doesn’t establish  
2. Requires much care  
3. Do not tolerate grazing 
4. Invades cropland  
5. Others, tick one of it 
5.1. When do you start feeding crop residues? 
(1) Soon after collection 
(2) One month after 
(3) Two months later 
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(4) Over two months 
5.2 How long does it last keeping on feeding of crop residues by your livestock? 
in months----------------. 
5.3 Do you use any other crop as animal feed during feed short time? (1) Yes 
(2) No 
 
3.3 Crop aftermath 
3.3.1 Do you graze your field after harvesting crops? (1) Yes (2) No 
3.3.2 How much of the total do you leave on the ground for aftermath?  -------- 
3.3.3 How many days do your animals graze on the aftermath? -------Months. 
3.3.4 How many months in the year you get abundant feed for your livestock? ------ 
-------------Months. 
3.3.5 How many cropping season do you have per annum? 1, 2 or 3 encircle one of it 
3.3.6 Do you irrigate and produce crops? (1) Yes (2) No, if yes how many hectares 
and how many times per annum? ---------------Ha and ---------------times. 
3.3.7 Was there a draught last year in your area? (1) Yes (2) No, if yes how many 
animals did it kill? -----Cattle----------sheep and goat--------equines. 
3.3.8 Which one is longer period; period of abundant crop residues and pasture lush  
or period of draught, how many months is each respectively---------- and ---------months?   
6.1.9 Do you give any other feeds to your animals while grazing on the aftermath? 
(1) Yes (2) No, if yes tell type of animal and feed given. 
Type of, animal. ------------------                  Type of, feed.------------------- 
                          --------------------                                       ------------------- 
                          --------------------                                        ------------------- 
7.1. Non conventional feed resources given to livestock in the area. 
7.1.1 Do you use any non-conventional feed resources? (1) Yes (2) No 
If yes what is the name and amount given? Name--------------------------------------- 
-----------and amount in kg--------per animal. 
7.1.2 What is the amount of non-conventional feed resource produced? ------k.g 
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3.4 Feed preservation and storage 
3.4.1 Do you use the feed resource on the pasture? (1) Grazing (2) Cut and carry 
3.4.2 If cut and carry, do you feed fresh or conserve as hay (1) Yes, fresh (2) No  
We conserve,  
3.4.3 If you conserve when do you use it, (1) during dry season (2) any time. 
3.4.4 How long will the preserved feed be enough to your livestock--------months? 
3.4.5 How do you decide the appropriate time for cutting to make hay?  
Suggest your own experience. --------------.  
3.4.6 Do you conserve crop residues as hay? (1) Yes (2) No 
3.4.7 If you are not producing hay either from pasture or crop residues, what are the  
Reasons? 
(1) Inadequacy        
(2)  Labor shortage If other, specify  
3.4.8 What considerations do you make in selecting the crops you grow in relation  
to animal feeds? 
(1) Select crop varities that yield higher residues in both quality and quantity 
(1) Yes (2) No,   
 If yes which crop residue is most preferred by your livestock? Rank them 
-----------------              ----------------------   -------------------------   
(2) Do you change crop combinations so as to produce residues favoured by  
your livestock? 
 (1) Yes (2) No, if so which combinations do you? 
(3) Other considerations (specify)----------------- 
 
3.4.9 At which season do you face feeds shortage? 
(1) Short rainy season 
(2) Long rainy season 
3.4.10 what are the consequences of the feed shortage? 
 
(1) Weight loss 
(2) Milk yield reduction 
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(3) Increased mortality 
(4) Abortion frequency 
(5) Weakness 
(6) Anoestrus 
   Others, specify----------------- 
3.4.11 Measures taken to alleviate this problem 
(1) Feed preservation as hay. 
(2) Use of improved forage production. 
(3) Fodder bank. 
(4) Forage purchase. 
(5) Destocking. 
(6) None 
(7) If others, specify--------------------------- 
3.4.12 Have you ever tried to balance the livestock with total feed produced in  
your household? (1) Yes (2) No, if yes how? 
(1) Destocking 
(2) Restocking 
(3) Seeding improved forage & planting productive forages. 
(4) Conserving as hay grasses and straws 
(5) Purchase of forage  
(6) Transferring stocks to relatives 
(7) Any other, specify. 
Section three: Seasonality of feed availability, Indicate year round fodder. 
 
Type of feed 
 
J 
 
F 
 
M 
 
A 
 
M 
 
J 
 
J 
 
A 
 
S 
 
O 
 
N 
 
D 
 
Natural pasture 
 
            
Sawn pasture 
 
            
Hay             
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Crop residue 
• Cereal 
• Pulses 
• Maize 
•              
Aftermath 
 
           
Commercial  
 
            
Tree legumes 
 
            
Others 
 
            
 
Section four: Nutritive quality improvement 
7.1 Do you use any feed quality improvement techniques in your household?  
Like for instance soaking with water, alkali etc. 
7.2 Is there any technique of improving nutritive value of your livestock feeds? 
If so what type? 
A. Grinding 
B. Water soaking 
C. Crushing 
D. Peleting 
E. Any other,specify 
Section five: Feeding calendar 
8.1 Do you use proper feeding calendar for your animals? AYes  B.No 
      That is do you graze at night or early in the morning. 
     A.Yes   B. No and it should be different from oxen. 
